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PLANT SCIENCE 

FKF1 and GIGANTEA Complex Formation Is Required for 

Day-Length Measurement in Arabidopsis 

'M. Sawa, D.A. Nusinow, S.A. Kay, T. Imaizumi 

Flowering is triggered only when both light and enough ofa particular protein are 

available inthe afternoon, conditions only satisfied during langer days of spring 
10.1126/science.1146994 
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‘Mass-Dependent and -Independent Fractionation of 

Hg Isotopes by Photoreduction in Aquatic Systems 

B.A. Bergquist and J. D. Blum 

The odd isotopes of mercury are fractionated ina mass-independent manner during 

photoreduction, providing a tracer of mercury species and reactions through food webs. 
10,1126/science.1148050 
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Coactivation of Receptor Tyrosine Kinases Affects the Response 

cof Tumor Cells to Targeted Therapies 

J.-M. Stommel et a. 

In glioblastoma cancer cll, drugs that work by inhibiting receptor tyrosine kinases 


‘are more powerful in combination than when administered as single agents 
10.1126/science.1142946 
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Production of Trout Offspring from 
Triploid Salmon Parents 

T. Okutsu, S. Shikina, M. Kanno, ¥. Takeuchi, G. Yoshizaki 
Transplantation of trout spermatogonia to newborn sterile salmon 
‘results in male and female adults that produce trout offspring, 

‘a method that may help revive extinct species 
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Checkers Is Solved 

J. Schoefferet al. 

‘series of up to 200 computers running since 1989 has considered 
the 5 x 10” possible postions for checkers, showing that perfect. 
play ainays leads to a draw. 
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IMMUNOLOGY 
TLRS Deficiency in Patients with 
Herpes Simplex Encephalitis 
S-¥. Zhang etal 

‘An innate immune receptor in humans selective protects against 
severe infection ofthe central nervous system by herpes simplex vius 1 
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Lighting the Universe with Filaments 
Gao and. Theuns 

{Ina model of the early universe with warm dark matte, te fist stars 
form in long filaments, not clumps; thus, the star distribution may 
reveal the dark matter content . 
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Phase-Coherent Transport in Graphene 


‘Quantum Billiards 
E Miao etal. 


Graphene acts as a quantum billiard table, the edges of which 
scatter the wave functions of electrons and holes, producing 
interference effects that depend on the sheet geometry. 
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INNOVATION @ WORK 


With MISSION’ siRNA - It’s About Design! 


Sigma and Rosetta Inpharmatics, a recognized leader in Bioinformatics, have partnered 
to bring you the best siRNA design to improve your RNAi results. 


Current studies suggest that the rules used to design gene-specific siRNAs have a direct 
effect on how well your siRNA will perform in a given RNAi experiment. Using an siRNA 
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(GEOCHEMISTRY 
Early Archaean Microorganisms Preferred Elemental 1534 
Sulfur, Not Sulfate 

 Philippot et al. 

Data from multiple sulfur isotopes imply that 3.5-billion-year-old 
‘microbes on Earth were not sulfate reducers, as had been suspected, 
but instead metabotzed elemental sulfur. 

APPLIED PHYSICS 


Current-Induced Magnetization Switching witha 1537 
Spin-Polarized Scanning Tunneling Microscope 
5. Krause etal. 


The spin-polarized curtent from a tip of a scanning tunneting 
‘microscope can switch, manipulate, and read out the magnetization 
In small slands of about 100 iron atoms. 

SOCIOLOGY 

Global Pattern Formation and Ethnic/Cultural 1540 
Violence 

M. Lim, R. Metaer, ¥. Bar-Yam 

‘Amodel based on principles of phase-separation predicts regions of 
Violence when applied to the distribution of ethnic groups inthe 
former Yugoslavia and Inia 

EVOLUTION 


Crystal Structure of an Ancient Protein: Evolution 1544 


by Conformational Epistasis 
EA. Ortlund, J. Bridgham, M. R. Redinbo, }. W. Thorton 


The structure ofa 450-milion-year-oldcorticoid receptor, resurrected 
computationally and biochemically, suggests how modern hormone 
receptors evolved, 
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‘A Common Fold Mediates Vertebrate Defense 1548 
and Bacterial Attack 

CJ. Rosado et al. 

Structure of C8c-MACPF Reveals Mechanism of 1552 
‘Membrane Attack in Complement immune Defense 

‘M.A, Hadders,D. X. Beringer, P. Gros 

‘domain structure shared by a mammalian defense protein and 

‘a bacterial toric protein suggests thatthe immune proteins disrupt 
‘membranes by forming pores. 


IMMUNOLOGY 
Anti-Inflammatory Activity of Human IgG4 1584 


‘Antibodies by Dynamic Fab Arm Exchange 

‘M. van der Neut Kolfschoten et al. 

‘One of the two arms of a type of antibody is often replaced, 
allowing binding to two different antigens and reducing 
crossnking and immune responses. 
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MOLECULAR BIOLOGY 
Functional Architecture and Evolution of 1557 
‘Transcriptional Elements That Drive Gene Ci ion 

C.D. Brown, D. S. Johnson, A Sidow 

The regulatory regions of simultaneously expressed muscle genes 
are unexpectedly diverse within a sea squirt species, yet each &s 
‘evolutionarily conserved among species. 

ECOLOGY 

‘Mutual Feedbacks Maintain Both Genetic and 1561 
‘Species Diversity in a Plant Community 

R.A Lankau and S.¥. Strauss 

‘In black mustard, allelochemicals, which inhibit the growth of other 
species, are more adaptive in diverse communities and also influence 
community composition 
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‘Quantitative Imaging of Nitrogen Fixation by 1563 
Individual Bacteria Within Animal Cel 

CR Lechene, ¥. Luyten, G McMahon, D. L, Distel 

‘Mapping ofa rare isotope of nitrogen shows that symbiotic bacteria 


‘onthe gills of shipworms fix nitrogen and transfer itt nitrogen-poor 
tissues of the host. >> Persp s 
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.. for Better Results 


Use the Gene Pulser MXcell™ electroporation system to quickly optimize conditions for delivering 
molecules efficiently into mammalian cells — especially into primary and difficult-to-transfect cells. 
This high-throughput system uses disposable 12-, 24-, and 96-well plates and can be used for 
transfecting siRINA, plasmid DNA, and other molecules directly into the nucleus. 


Optimize Your Research Time 

+ Use a preset optimization protocol or a gradient protocol to decrease programming time 

* Process an entire multiwell plate in 2 minutes or less 

Optimize Your Reading Time 

* Take advantage of Bio-Rad's extensive library of electroprotocols 

Optimize Your Resources 

* Use fewer cells and less sample — siRNA or DNA — by defining 
electroporation parameters 

Optimize Your Experimental Conditions 

= Program up to 24 electroporation protocols, with replicates, on a single plate 
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Gray Whales Far From Recovered? 
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New projections suggest greater and greater annual melts. 
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Check out the first installment (including 
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on the connections between science, 
culture, and the arts 
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‘Separate individual or institutional subscriptions to these products may be required for full-text access. 
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A No-Win Solution 
for Checkers 


Computer scientists have traditionally used 
games such as chess as test cases for research in 
artificial intelligence. Less challenging games 
that have a small search space can be com- 
pletely solved with computers by examining 
every possible set of moves from a given starting 
postion. Chess has an immense search space 
that would require the fastest computers eons to 
solve, but other games provide tough but feasi- 
ble challenges. Schaeffer et af. (p. 1518, pub- 
lished ontine 19 July; see the 20 July news story 
bby Cho) report their solution of the game of 
checkers. If black moves first, and the opponents 
execute perfect play, the game ends in a draw. 
The analysis began in 1989 and required dozens 
of computers for a complete solution 


Strings of Stars 

Gravity caused the first stars that formed inthe 
early universe to collapse in overly dense 
regions. These regions were seeded by cumps of 
dark matter, particles that neither glow nor 
interact with light except gravitationally. Most 
modeling of the first stars has used “cold” dark 
‘matter, but itis possible thatthe dark matter 
was “warm” if itwas made of more energetic 
fundamental particles. in computer simulations 
that include warm dark matter, Gao and Theuns 
(p. 1527, see the cover and the Perspective by 
Bromm) show that the faster motions of the 
warm dark matter erased very small density 
structures, and quite stable elongated gas clouds 
formed instead that fragmented to produce 
strings of stars. Thus, the pattern of the first 
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<< Switching Magnetism on the Spot 


In magnetic hard drives, information is typically written by application 
of a magnetic field, and readout is performed with a separate electrical 


probe. The bit densities that can be achieved this way are limited by 
stray magnetic fields that can affect nearby bits and possibly destroy 


information that was already stored. The use of spin-polarized current 
to locally control and read out the magnetization is expected to over- 
come such problems, but the underlying mechanisms involved in spin- 
polarized magnetization switching remain unclear. Krause et al. 
(p. 1537) show that spin-polarized current from a scanning tunneling 
microscope tip can be used to both manipulate and read out the mag 
netization in small istands of iron atoms, The magnetization switching 
in the island is dominated by a spin-torque effect exerted by the spin 
polarized current, whereas the Oersted field (magnetic field arising 


from current flow) is small 


stars may tell us about the dark matter content 
of the universe 


Graphene Billiards 

With its distinctive band structure and mechani- 
al stability, graphene (isolated sheets of 
graphite) has been predicted to exhibit a num- 
ber of exotic transport properties. However, the 
transport of carriers around the Dirac point 
(here the electronic bands meet in momentum 
space) that gives rise to many of the predicted 
properties has remained controversial. Miao et a. 
(p. 1530) systematically studied transport prop- 
erties around this region in device structures of 
various sizes 


isotopes implies that sulfate-reducing bacteria 
were present in racks dated to about 3.5 billion 
years ago. Phitippot et al. (p. 1534; see the 
Perspective by Thamdrup), making use of "'S 
data, show these rocks record the presence of 
organisms that metabolized and disproportion- 
ated elemental sulfur. Several such organisms 
are present near the base of the phylogenetic 
tree, 


Human Interactions 

Humans have continuously interacted with natu- 

ral systems, Liu et a. (p. 1513) review the intr- 

cate nature ofthe organizational, spatial, and 
temporal couplings of human and natu 


in which the ral systems, Case studies on different 
carrier densi- continents suggest that couplings have 
ties could be evolved from direct to more indirect 


varied. Carriersin WW interactions, from adjacent to more distant 
the graphenehave 4a ~ linkages, from local to global scales, and 

a large coher- from simple to complex patterns and 
ence length processes. An appreciation of such inter- 
that causes its actions should help in the development 
transport to of effective policies for ecological and 


depend on geometry In effect, the wave functions 
of electrons and holes can interfere as they are 
scattered from the edges of the graphene sheet, 
which acts like 2 quantum coherent billiard 


Pass the Sulfur, Please 

Carbon and sulfur isotopic signatures provide 
the main evidence for the identification of the 
earliest life on Earth. Details in the signatures of 
the several sulfur isotopes can now be used to 
track metabolism. It was previously suggested 
that a large fractionation in the **S versus #25, 
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socioeconomic sustainability. Humans 
not only interact with nature but with one 
another in groups. Lim et al. (p. 1540) have 
adapted concepts of phase separation faatiar in 
chemistry and physics to study patterns in global 
Populations that can help predict and perhaps 
prevent conflicts, They posit that violence arises 
at boundaries between regions that are not suffi 
ciently well defined. A model based on spatial 
distributions of ethnic groups gave good predic 
tions about regions of violence in the former 
Yugoslavia and in india 
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Tailor-Made Toll-Like Receptor 

Laboratory-based immunology has revealed much about the role of innate immune receptors from 
‘insects to mammals, but to what extent do such receptors protect humans from infections? Zhang et al. 
(p.1522) report a primary human immunodeficiency that points to a dedicated role for a Toll-like 
receptor (TLR) in protection from infection with a single specific virus, without any apparent influence 
on other pathogens. Herpes simplex virus (HSV) causes encephalitis in children carrying a mutant 
allele of TLR3, which normally regulates the antiviral interferon response to virus nucleic acid in the 
central nervous system and in dendritic cells of the immune system. Maintenance of TLR3 in the 
‘innate armory of humans may have been driven by viral infection. These results suggest that other 
similarly narrow host-pathogen interactions may have also co-evolved. 


Functional Evolution of Proteins 

The direct identification of protein evolution mechanisms requires comparing proteins through evolu- 
tionary time. The sequence of the 450-million-year-old ancestor of vertebrate mineralocorticoid (MR) 
and glucocorticoid (GR) was previously determined by phylogenetic analysis, and the ancestor was 
shown to have MR-like hormone specificity. Ortlund et al. (p. 1544, published online 16 August; see 
the 17 August news story by Service) used structural, functional, and phylogenetic analysis to deter- 
imine how specific mutations resulted in a change from MR-like to GR hormone specificity. They find 
‘evidence for epistatic interactions where a substitution changed the conformation at another site 
Substitutions that had no immediate functional effect, but affected stability to allow subsequent 
functional switching mutations, played an important role in GR evolution. 


An Airy Meal 


The fixation of atmospheric 
nitrogen into ammonia that is 
essential to human nutrition 
and global ecosystems is per- 
formed by free-living bacteria 
and by symbionts in plant root 
nodules. Lechene et at. 

(p. 1563; see the Perspective 
by Kuypers), using multi-isotope imaging mass spectrometry with the stable isotope of 2°N, 
measured nitrogen fixation by symbiotic bacteria. They traced the utilization of fixed nitrogen, in this 
«case by animal rather than by plant host cells, 


Doubling Up Antibody Specificity 

‘The light and heavy chains that make up antibodies both carry variable regions at their ends that 
combine to form the highly diverse antigen-binding sites of the antibody molecule. Immunological 
dogma states that a single B cell generates antibodies of one defined specificity (each molecule car- 
ties identical, symmetric heavy-light chain combinations), but ane particular class of antibody known 
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Fall 2007 


as immunoglobulin G4 (IgG4) has been suspected of breaking this rule. Van der Neut Kolfschoten ef al. 
(p. 1554; see the Perspective by Burton and Wilson) now provide direct evidence that I9G4 can swap 

a heavy-light combination on one fragment antigen-binding arm for another, which creates antibod- | 
ies with dual specificity. Furthermore, in a model of disease that relies on crossinking by antibodies, Operon Biotechnologies 
the loss of single specificity (andthe Loss of the ability to cross-link) was effective at reducing disease 


Regulatory Motifs in Making Muscle 

During metazoan development, multiple genes are co-expressed so that interacting gene prod- 
ucts can be produced in the same place and time. Brown et al. (p. 1557) examined how genes | 
that function together are coordinately expressed by dissecting cis-regulatory elements in 19 
co-regulated Giana genes that encode components of a muscle multiprotein complex. Assays 
defined the cis-regulatory elements through mutational analyses, and mutant-construct gene 
expression in muscle cells was quantified to estimate the activity of each regulatory motif. A 
comparison between the divergent species C. intestinalis and C. savignyi revealed that motif 
arrangements differ widely among co-regulated genes within a species but orthologous motifs 
are evolutionarily conserved. 


www.sciencemag.org SCIENCE VOL317 14SEPTEMBER 2007 


1467 


Anita K Jones sa profes 
5 inthe Department of 
Computer Science at the 
University of Virginia, 
Charlottesville, VA, and 
chaired the National 
‘Academies committee 
that produced the report 
Polar Keebreakers ino 
Changing World: An 
Assessment of US. Needs. 


An Icy Partnership 


KNOWLEDGE OF THE WORLD'S POLAR REGIONS—ANTARCTICA AND THE ARCTIC—1S OF 
international interest for economic, environmental, territorial, and security reasons. Studying 
these environments has been a cooperative activity among countries for halfa century. Icebreaker 
ships have played a critical role. Unfortunately the U.S. icebreaking capability has deteriorated 
substantially. Of the world’s roughly $0 high-capability icebreakers (at least 10,000 horsepower 
and capable of steaming steadily through ice 4 to 8 feet thick), Russia possesses 15. Canada 
operates six. The U.S. government owns three, two of which are at the end of their 35-year 
service lives. This not only threatens U.S. access to these regions but also jeopardizes the ability 
ofthe US. research community to conduct solo and international research missions. A long-lived 
successful partnership between the polar research community and the U.S. Coast Guard (USCG), 
which operates the government icebreakers, has been built over decades. 


‘That partnership is unhealthy now and should be revitalized. 
‘Many nationshave benefited from the knowledge gained from research 


inboth polar regions. For example, we have a deeper understanding of the 
‘molecular mechanisms that animals use to cope with freezing conditions, 

the transport of organic pollutants to polar food webs, and the influence of 

the polar regions on the deep ocean “conveyer belt.” 

Eight nations (Canada, Denmark, Finland Iceland, Norway, Sweden, 
the Russian Federation, and the United States) have land and population 
in the Arctic. Their interests are not only scientific but also encompass 
security, law enforcement, environmental, and economic matters, With q 
increased retreat ofthe summerice margin, human activity, especially that 
related to resource exploitation, is likely to increase, The Russians (only) 
have made a territorial claim to about half of the seabed under the Arctic 
‘Ocean, Other nations are considering their response to the Russian flag 
recently planted at the North Pole. 

Increased human activity in the Arctic necessarily requiresan increased presence inice-bound 
‘waters. The U.S. has combined USCG Aretic patrols for maritime and environmental safety and 
maritime law enforcement with research cruises. Building or contracting for separate ships for 
the two missions is less costeffective, particularly for the research community. Past history 
shows that the missions and objectives of the research community and the USCG are compatible, 
even complementary. These can be simultaneously served by an icebreaker following a course 
suitable for research by 300 50 scientists aboard. 

The facture in the USCG/scientific community partnership comes from the Coast Guard's 
inability to fund replacements for the aging icebreaker ships. Surprisingly, the U.S. Office of 
Management and Budget (with congressional concurrence) transferred the budget for operating 
icebreakers to the National Science Foundation (NSF), a major funder of polar research. As a 
result, a science agency is currently making decisions that affect the safety and training of a 
military force, risking NSF's reputation and posing potential physical dangers to the crew. Until 
the fleets recent deterioration, the USCG icebreaker ships made an annual break-in to MeMurdo 
Station in Antarctica, so that tanker and cargo ships could provision research activity. In recent 
‘years, NSF has contracted for ships from other nations to do the annual break-in, but those ships 
hhave not always performed without incident. 

In 2004, Congressasked the National Academies to investigate what icebreaking capability the 
United States needs and how bestto acquire and operate that capability. Our committee reaffirmed 
the value and efficacy of the USCG/research community partnership and recommended replacing, 
the aging icebreakers with new ships, designed with research community involvement. Modern 
technology, particularly for hull design, propulsion, and electronics, can deliver vesselsto support 
needs in the Arctic and Antarctic without increasing the current number of ships. The Coast 
Guard should be funded to build and operate the new ships. Researchers should pay the modest 
incremental costs incurred by their presence on a cruise, as in the past. This would revitalize the 
decades-old icy partnership that benefits not only US. interests but also the world community of 
polar researchers. 

Anita K. Jones 
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Apputen puysics 
Sending Plasmons Round a Bend 


The orders-of-magnitude size difference between 
optical fibers and nanometer-scale electronic cir- 
fj culty presents substantial compatibility gap 
between the fast long-distance optical signal 
& communications offered by photonics and the 
§ convenience of small-scale integrated microelec- 
& Wonics Surface plasmons are hybrid excitations 
of light and packets of electrons confined to the 
& interfacial region ofa metal anda dielectric, and 
they offer the potential to fill that gap. However, 
i plasmons are dispersive and tend to leak away 
because of scattering and radiation losses, gi 
ing rise to the general problem of efficiently 
| auiding the plasmons around the two-dimen. 
sional plane to desired sites. Steinberger et of 
B have fabricated surface plasmon waveguides by 
& lithographically patterning tracks of silicon diox- 
‘ide deposited on a gold film. They demonstrate 
the ability to guide plasmons around a 90° bend, 
showing that there isa tradeoff between bend 
radius and propagation length for the optimal 
transmission of the plasmons through the wave~ 
duide, The results should help shrink the incom- 
patibility gap yet further. — ISO 
‘Appl. Phys.Lett, 92, 81111 (2007). 


BIOCHEMISTRY 
Mobile Electron Carriers 


‘Microbes that have not yet been cultured under 
laboratory conditions are, not surprisingly, 
rather more difficult to work with than those that 


‘CREDA TOPTO BOTTOM UW ETAL. J CHEM B82, 191070 
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BIOCHEMISTRY 


bin synthesis or when iron 


‘consumption of cellular reductants. — POS 


Peptides to Sway Iron Levels 


Ferritin proteins are best known for storing iron within their cores, but 
ferritin also release iron when it is needed, such as during hemoglo- 
lost through hemorrhage. Although the 
release process is driven by the reduction of Fe’ and uptake by Fe’* 
chelators or chaperones, changes in the gated pore of the protein, 
such as mutations of conserved pore residues, affect the rate of iron 
release, and in vitro, millimolar concentrations of urea can unfold 
pore helices and increase the release rate. Liu et al. searched a 
combinatorial peptide library of ferritin-binding peptides and identi- 
fied a single heptamer that accelerated iron release threefold, and when 
combined with Desferal, an iron chelator in therapeutic use, led to an 
eightfold increase. Another heptapeptide was identified that decreased iron 
release, possibly by binding across the pore. Potential applications include 
treatment of iron overload or limiting unwanted effects of iron release, such as 


|} Biol. Chem, 282, 10.1074fb.C700153200 (2007). 


have, such as the perennial workhorses 
Escherichia and Saccharomyces. Nevertheless, 
recent forays into soil and marine communities 
have hinted at a wealth of untapped pharmaceu- 
tical and biochemical expertise, and technologi- 
cal advances in extracting and sequencing 
{genomic DNA of unpurified (and in many cases, 
tunseen) organisms have begun to bring those 
‘microbial skills within reach. 

‘MuBmann et ol. have analyzed a single 
‘Beggiatoa filament (roughly 30 jum wide and 1 
m long) of almost 1000 cells by whole- 
genome amplification and 
Pyro(phosphate) sequencing. They 
have been able to assemble 
enough sequence to cover 
approximately Ys of the 
11-Mb genome as esti- 
mated by the recovery 
of single-copy marker 
genes and aminoacyt 
RNA synthetases. 

The collection of sulfur, 
nitragen-, and oxygen- 
‘metabolizing enzymes, __Beggiatoa filament. 
albeit stil incomplete, 

provides genetic evidence for the elevatorlike 
lifestyle ofthis bacterium, which cycles vertically 
ast harvests energy from the oxidation of sul- 
fidic deposits. Atthe relatively oxygen-rich sur- 
face of marine sediments, electrons from elemen- 
tal sulfur are donated to oxygen, yielding sulfate; 
in deeper, anoxic regions of the sediment, nitrate 
is recruited as the acceptor of electrons from 
hydrogen sulfide. Beggiatoa are energetic hoard- 


ets of nitrate, accumulating it in vacuoles in con- 
centrations as high as 0.5 M to the dismay of 
‘competing denitrifying bacteria, — GIC 

PLoS Biol. 5, 6230 (2007), 


MATERIALS SCIENCE 
Oxygen on Demand 


Inthe design of artificial tissues or repair of large 
‘wounds, one critical imiting factor is the avail- 
ability ofthe oxygen necessary for vascularization 
and healing to occur. To skirt slow 
‘oxygen diffusion, Harrison etal, 
have explored the possibility 
of creating a material that 
can generate oxygen in stu. 
Sodium percarbonate was 
mixed with poly(0 -lactie- 
co-glycolide) (PLGA) in solution, 
and films were solution-cast and 
slowly dried to prevent the forma 
tion of void. in a moist environment, 
steady oxygen production was observed 
for 24 hours and then gradually slowed and 
fended atter 70 hours in total. PLGA films were 
placed under dorsal skin flaps in mice and then 
‘observed aver a period of 1 week. Those contain- 
ing sodium percarbonate exhibited a significant 
decrease in flap necrosis over the first 3 days, 
along with less visible tissue damage and greater 
mechanical strength, However, there was no bene 
fitafter a week in comparison with untreated 
PAGA films. The authors are seeking to extend the 
‘oxygen release time, either through encapsula- 
Continued on page 1473 
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tion ofthe sodium percarbonate or through the 
Use of different oxygen-generating chemical 
components, — MSL 

Biomateriats 28, 4628 (2007) 


EMISTR 
Breaking Two Rings 


Polyesters have traditionally been prepared by 
condensation of monomers bearing acid or ester 
groups: The chain grows by formation of O-C 
bonds with concomitant loss of water or alcohol. 
Choosing a cyclic monomer can eliminate for- 
mation of these small-molecule by-products, as 
chain growth proceeds by ring-opening, but this 
approach offers limited functional diversity 
along the polymer backbone, Jeske et al. have 
developed a zinc catalyst that links epoxides to 
cyclic anhydrides through alternating ring- 
‘opening steps and thereby introduces backbone 
substituents ranging from methyl and cyclohexyl 
to vinyl moieties by appending them to the 
strained three-membered rings. A cyano group 
6 the diiminate ligand coordinated to zinc 
proved Key to catalyst stability under the reac- 
tion conditions, The system achieved number- 
average molecular weights exceeding 10° and 
low polydispersities (1.1 to 1.5). —}SY 

1.4m, Chem, Soe, 129, 10.1021/90737568 

(2007) 
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Pressure From Above 


‘Arecent interdisciplinary trend is the use of eco- 
nomic transactions, which yield a quantitative 
expression of preferences, in experimental studies 
‘of human social behavior. In the anonymous one- 
shot dictator game, a person is allotted the task of 
taking any part or all of a sum of money, with the 
remainder given to a second person who is neither 
seen nor encountered again. Shariff and Norenza- 
yan engaged 75 residents (ages 17 to 82) of Van- 
‘ouver and offered them the oppactunity of play- 
ing this game after having completed one of three 
possible scrambled sentence tests. Across the 
three groups, the modal choice was to take either 
the entire amount or only half of it. Within each of 
the two groups who had been implicitly primed 
with concepts of religion or of civic justice, 11 out 
of 25 people ceded half of the money, as com- 
pared to 10 of 25 absconding with everything in 
the neutral prime condition. Furthermore, both 
types of pro-Social priming evoked significantly 
greater expressions of generosity (than the neutral 
prime) by theists. Linking institutional systems of 
‘morality to other-regarding behavior by individu- 
als lends support tothe proposal that the develop- 
iment of social norms enabled the increase of 
group size in our human ancestors. — GC 
Paychol. Sci. 18, 803 (2007) 


a Ravelled Sleave 


For an activity in which we spend a third of our lives, much about sleep 
remains enigmatic. Foltenyi et al. investigated the role of epidermal 


ptor (EGFR) signaling in regulating sleep in 


Drosophita. In the fly, the activation of EGFR ligands such as Spitz 
depends on the transmembrane protein Star and on Rhomboid family 


jar expression could be conditionally induced, they 


showed that overexpression led to a transient increase in both the duration and number of sleep 
episodes, which was followed by a decrease and then a return to normal. The overexpression of 


Rho and Star also led to an increase in phosphi 


jorylation of extracellular signal-regulated kinase 


(ERK, a target of EGFR signaling) that paralleled the temporal pattern of increased sleep, and the 
increase in ERK phosphorylation was greatest in the tritocerebrum. Moreover, several lines of flies 
in which Rho activity in neurons projecting from the pars intercerebralis (Pl, a region analogous 


to the vertebrate hypothalamus) to the 
tritocerebrum was inhibited with RNA 
interference showed decreased sleep. 
This decrease involved brief sleep 
episodes in conjunction with an 
increase in the number of times that 
sleep was attempted—potentially a fly 
model of insomnia. The authors pro- 
pose that the production of EGFR lig- 
and by Pl neurons leads to ERK activa- 
tion in tritocerebrum neurons, thereby 
promoting sleep. — EMA 

Nat. Neurosci. 10, 1160 (2007). 
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The Pl, median bundle, and tritocerebrum 
(red) overtaid on a fly brain. 
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Down in the 
Swamp 


“The Ever Glades [sic] are now suitable only for 
8 the haunt of noxious vermin, or the resort of 
§ pestient reptiles.” that was the verdict of an 
1848 report to Congress that recommended 

draining the vast Florida wetland. t's one of the 
jewels tucked away in the Everglades Digital 
Library, created by Florida International 
University in Miami. 

The archive contains more than 400 articles, 
‘maps, photos, and other materials about south 
Florida’s history and environment. Offerings 
range from plant censuses and rainfall analyses 
to recorded interviews with Marjory Stoneman 
Douglas (1890-1998), the writer who galva- 
nized efforts to preserve the Everglades. in this 
1908 photo, a girl in Miami poses on a stutted 
alligator. >> 
cis flaseduledt 


Psyching Out the Fruit Fly 


Fruit fly brains are useful for studying genes 
implicated in neurological disorders such a5. 
‘Alzheimer's and 
Parkinson's disease. 
> Getting at them, 
however, requires 
messy dissections 
. that can damage tis- 
sue, Now, a new tech 


7 - 


www.sciencemag.org 


‘nique may offer a hands-off peek into the 
‘miniature mind of Drosophila. 

‘team led by Leanne McGurk of the Medical 
Research Council's Human Genetics Unit in 
Edinburgh, U.K., takes fies bred with genetic 
‘markers that make the nervous systems fluoresce 
(blue, in photo) and bleaches their exoskeletons, 
making the bodies translucent. Optical projection 
‘tomography reveals the 3D structure of the organs 
and allows researchers to virtually sce the flies’ 
brains on any axis, the authors report ontine on 
5 September in PloS One. The procedure may one 
day be automated, collaborator Liam Keegan says, 
‘and—with better resolution and longer-tived 
fluorescence—could make hand-dissection of 
fruit ly brains 3 thing ofthe past. 
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Childhood exposure to stress from disease or 
‘bad nutrition has a lasting effect on the forma~ 
tion of tooth enamel, So anthropologists Anne 
Starling of Duke University in Durham, North 
Carolina, and Jay Stock ofthe University of 
Cambridge in the U.K. studied the teeth of 
242 individuals who lived in the Nile Valley 
between 13,000 and 1500 B.C. They found 
that 70% of the Badari people, early farmers 
who lived between 5000 and 4000 B.C.E., 
showed signs of enamel loss, compared to only 
39% of hunter-gatherers from the same area 
a few thousand years earlier. But once food 
stocks became more reliable, health improved 
‘markedly: Only 33% of people who lived from 
‘4000 to 3100 B.C. had lost enamel. And by 


uae For Health 


2000 B.C, the incidence was down to 21%, the 
authors reported online 
4 September in the 
American Journal of 
Physical Anthropology. 
Anthropologist 
Clark Larsen of Ohio 
State University in 
Columbus calls the 
study “especialy inter- 
esting” because it 
shows that health 
fmproved with the rise 
of urbanization and 
the Egyptian state. 
He also says it bolsters the notion that hunter- 
gatherers were initially pushed into farming by 
population pressures or climate changes, 


> 


Farming Good 


The worldwide agricultural revolu- 
tion that began about 10,000 
years ago had its downside: Many 
researchers have found that early 
farmers were not as healthy as 
their hunter-gatherer ancestors 
(Science, 9 June 2006, p. 1449). 
But a new study of teeth from 
Nile Valley farmers offers the first 
comprehensive evidence—from 
data spanning some 10,000 years—that 
the farming life was better for health in the 
long run. 


Teeth from an early Neolithic 
farm woman show enamel loss. 


Bear Facts 
‘Why does a bear rub in the woods? This giant grizzly bear 
from the forests of British Columbia had his tree-rubbing 
habits scrutinized as part of a project to get to the bottom of 
the question. It seems that bears engage in scent marking, 
rubbing, biting, and scratching the same trees over many 
seasons. Once a bear has “anointed” a tree, others follow 
‘suit—in fact, stepping in the same tracks. 

To learn more, Owen Nevin, now at the University of 
Cumbria in Wales, set up cameras in four bear-rubbing trees 
and recorded 52 bear events on spring nights in 2005 and 
2006. It’s mainly adult males that do it, Nevin reported this 
week at a British Ecological Society meeting in Glasgow, 
U.K. He says the evidence suggests that dominant males use 
tree marking to warn off or override the scent of competi- 
tors for both territory and females. 

It’s an unusually thorough experiment, says Barrie 
Gilbert, who was Nevin's graduate adviser at Utah State 
University, Logan. But there are still a lot of unknowns— 
‘such as why bears choose the trees they do. 
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POLITICS 

JUMPING IN ... Bill Foster (right) spent 

22 years as an experimental physicist at 
Fermi National Accelerator Laboratory in 
Batavia, Illinois. Now he wants to set up shop 
in the U.S. Congress. He's running for the 
seat being vacated by the former House 
Speaker, illinois Republican Dennis Hastert, 
who is retiring next year. 

ADemocrat and a fellow of the American 
Physical Society, the 51-year-old Foster says 
Congress needs more members with a scientific 
background. “Almost every issue we face has a 
technical edge,” he says. To get good poticy, 


Observers say Foster 


4 


emphasis on nuclear nonproliferation. 
's deep pockets 
should serve him well in his campaign. As 


V\ 
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WELL-CONNECTED. Most people owning a phone that doesn’t work 
with their family’s T-Mobile service plan would either switch providers 
or geta different phone. Not George Hotz, who spent the summer after 
his high schoo! graduation from Bergen County Academies in New 
Jersey finding a way to unlock his iPhone from the device's sole serv= 
ice provider, AT&T. Hotz posted his solution, which involves altering 
the phone's circuit board and uploading unique programs, on his blog 
23 August before heading off last week to begin classes at the Rochester 
Institute of Technology in New York stat. 

The rewired iPhone isn’t Hotz’s first technological triumph: In 
May, he was a top finisher in the 2007 Intel International Science and 
Engineering Fair for a spinning computer display capable of creating 
3D images. 

Hotz reports that he traded one unlocked phone for more iPhones 
and a “sweet Nissan 350Z,” which lists new starting at $27,900, And. 
the phone in his pocket is working fine, 


--+ BOWING OUT, Peter Agre, the Nobelist in 
chemistry who dreamed of becoming a sena- 
tor, has decided after dipping into Minnesota's 
politics that the waters are too chilly for him. 
‘gre, 58, took leave from his job as vice 
chancellor for science at Duke University in 
Durham, North Carolina, to see if he could 
stir up enough enthusiasm—and cash—for a 


teenagers, he and his 
brother Fred started a 
company that now 
makes most of the 
theater lighting in 


the United States. ‘tun next year against the incumbent senator, 
“He's aserious candi- | Republican Norm Coleman (Science, 25 May, 
date because he has | p. 1112). 


vowed to spend at 
least $1 million of his 
‘own money, ” says 


To his dismay, says Agre, an outspoken lib- 
eral, the main obstacle was not conservative 
‘opposition but an inability to impress the 


you need clear goals, a good technical under- 
standing, and a firm grasp of economics.” 
Foster says he would push for more research 
into biofuels, participation in intemational 
efforts to fight climate change, and a renewed 


Got a tip for this page? E-mail peopleg@aaas.org_ 


Eric Krol, a political 
writer for the local Daily Herald. But although 
Foster may outspend his two Democratic 
rivals, Republican businessman Jim Oberweis 
plans to spend $2.5 million on his campaign, 
and, Krol notes, the district is “sill one of the 
more Republican parts of Ifinois.” 


Democratic Party, whose help he needed: 
“There's a huge priority on how much money 
you can raise; ... [party leaders} were looking 
for atleast $10 million.” He says having two 
rich Democrats already in the field—comedian 
AAlFranken and attomey Michael Ciresi—also 
put a damper on his plans. 


Three Q's >> 


For nearly a decade, Bernat Soria Escoms, 56, has been trying to 
turn embryonic stem cells into insulin-producing cells for treating 
diabetes, most recently at his lab at the Andalusian Center for 
Molecular Biology and Regenerative Medicine in Seville, Spain. In 
July, Spain's President José Luis Rodriguez Zapatero appointed him 
to join the Cabinet as minister of health and consumer affairs. The 
ministry, based in Madrid, also controls much of Spain's $2 billion 
biomedical research budget. 


Q:You have said you were surprised by the job offer. Was it a hard 
decision? 
‘Yes, but if you say no, you can never again criticize the government. 


Q: Do you miss your tab? 
The Council of Ministers meeting ends at noon on Friday, and I then 
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take the fast train to Seville, 1am in the lab 
Friday afternoon and evening and on Saturday. 
If the minister of culture goes to exhibitions 
and the theater {to stay current in the arts], I ean 
20 to the lab. 


Q: When will stem cell research have a measur- 
able impact on doctors and patients in Spain? 
Very soon, if you consider stem cells as a 
broad concept including adult stem cells, In 
the coming weeks, I will announce a program for clinical research 
on cell therapies for 12 diseases, including complications from 
diabetes, cardiopathy, multiple sclerosis, amyotrophic lateral scle- 
rosis, and muscular dystrophy. For embryonic stem cells, we are 
still at the level of basic research, 
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SPACE PHYSICS 


On the 


Beyond Einstein Should Start With 
Dark Energy Probe, Says Panel 


Dark energy is a subtle force believed to 
be responsible for accelerating the uni- 


verse’s expansion. Last week, it also 
proved irresistible to a panel of U.S. physi- 
cists and astronomers asked to set priori- 
ties for an ambitious set of modestly 
priced missions to tackle the most exe 
cosmological questions of the 


| 
Ta 


year asked the National Academies’ 
National Research Council (NRC) for 
advice on deciding which missions should 
get off the ground fi n 2009. 
The council's 220-pag issued 
6 September, gives top billing to the 
energy effort, followed by the Laser Inter- 
ferometer Space Antenna (LISA), a three- 


LISA (NASA and ESA) 
Three spacecraft to measure gravitational waves 
52.75 billion 


In the spotlight. A new report ranks the proposed missions under NASA's Beyond Einstein program and 


offers cost estimates significantly higher than those from project teams. 


report recommends that NASA and the 
Department of Energy (DOE) begin work 
next year on a $1-billion-plus Joint Dark 
Energy Mission (JDEM), while saying 
that plans for four other space physics 
spacecraft should be delayed—some 
indefi given the pressure on NASA's 
science budget. 

Four years ago, cosmologists came up 
with five distinct projects to examine 
black holes, gravitational waves, dark 
matter, the early inflation of the universe, 
and dark energy as part of what Né 
labeled its Beyond Einstein program. 
Faced with tight budgets and prompted by 
congressional concerns, the agency last 
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satellite mission designed to detect gravi- 
tational waves. The rest of the projects. 
says the report, will have to wait their turn 

Making a queue for these missions is 
critical given the limited funding for new 
science initiatives at NASA. The NRC 
panel, led by Charles Kennel, an atmos- 
scientist and physicist at the Univer- 


. also broke 
new ground by developing independent 
cost estimates for missions that are not yet 
in NASA's pipeline—and by concludin; 
that each project team had seriously under 
estimated the cost of building and operating 
the spacecraft. It said Constellation-X, an 
advanced x-ray telescope, for example, 


Aviru: 
toehold 


European 


‘would cost $3 billion rather than $2.1 bil- 
lion. And with a program budget expected 
to rise from only $37 million in 2009 to 
S211 million in 2012, Beyond Einstein 
seems incapable of supporting more than 
‘one mission in the near future, “Our task 
was to address a mission which could fit 
[into a] budget wedge opening up in 2009,” 
Kennel explained to reporters. 

JDEMS success was due to both its sci- 
entific appeal and the maturity of its tech- 
nology, panel members said. DOE's prom- 
ise of up to $400 million didn’t hurt. Saul 
Perlmutter, a DOE Lawrence Berkeley 
onal Laboratory physicist and 
incipal investigator on one of the 
nt proposed versions of the 
project, says that JDEM could be launched 
by 2015 and that the project has benefited 
from $40 million from DOE during 
the past 3 years. LISA, estimated to cost 
$2.75 billion rather than $2 billion, is 
another project counting on outside fund- 
ing, with the European Space Agency (ESA) 
offering to foot $600 million of the bill 
nel says the pane! found LISA “an 
enchanting and technologically exciting 
mission” but suggested that NASA make 
no further plans until after the Pathfinder 
spacecraft, an ESA/NASA mission that will 
test LISA technologies, flies in late 2009. 
“We felt that in the longterm, LISA will be 
the Beyond Einstein flagship,” Kennel 
noted. “But it will not be ready in 2009. 

In contrast, the NRC panel recom- 
mended kicking Conste out of the 
Beyond Einstein tent because its contribu- 
tions to science are likely to extend beyond 
the scope of the initiative, “Beyond 
Einstein is not the sole justification [for 
Cons X] or its primary benefit to 
the science community.” the report con- 
cludes. Another mark against it is a price 
tag that is comparable to one of NASA’S 
major observatories, and $900 million 
above the previous projection. 

Bringing up the rear are the Black Hole 
Finder Probe and Inflation Probe, a rank- 
ing that didn’t surprise backers of those 
two projects. “The competition was 
intense,” says Harvard University astro- 
physicist Jonathan Grindlay, principal 
investigator on one of the two black-hole 
projects. The committee found a number 
of problems with the probe, which is 
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designed to find black holes of all sizes, 
including the difficulty in pinpointing low- 
luminosity black holes, questions about 
whether it could accurately determine 
growth rate of black holes, and uncertainty 
in identifying the galaxies in which they 
reside. It also gave a cost that’s roughly 
double the initial $1 billion estimate. 
Grindlay disputes the new price tag, which 
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he calls “way out of line,” and adds that the 
committee ignored recent findings on high- 
redshift gamma-ray bursts that are beacons 
for black-hole creation, 

Other researchers give the NRC panel 
high marks for weighing the science that 
could be done before considering schedules 
and cost. “There were so many good ideas, 
they had a tough choice,” says Bradley 


Schaefer, an astrophysicist at Louisiana 
State University in Baton Rouge. NASA 
officials were also pleased with the results. 
“We're happy with what the 
plished,” says Jon Morse, NASA astro- 
physics chief, emphasizing the importance 
of a fiscally realistic plan, “We need to con- 
tain irrational exuberan 


ve accom- 
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Scientists Fear Curbs on Access to Satellite Data 


For more than 3 decades, U.S. science agen- 
cies have used images taken by the nation’s 
spy satellites to study everything from erupt- 
ing volcanoes to the migration of marine 
mammals, Now, a new plan to expand the use 
of the satellites for homeland security and law 
forcement has left some 
that science will sufer. 

Last month’s announcement by the 
Department of Homeland Security (DHS) 
that it was setting up a new National Applica- 
tions Office (NAO) this fall to widen the use 
of spy-satellite imagery has sparked protests 
from civil liberties advocates. They worry 
that federal, state, and local authorities will 
seek high-resolution, real-time images to 
monitor activities of US. citizens in the same 
way that the satellites help track terrorist 
activities overseas. But officials at federal sci- 
are concerned for a different 
reason: They suspect that the new arrange~ 
‘ment could mean fewer chances to investigate 
scientific questions or cause delays that 
undermine the value of the information. 

The satellites are operated by defense 
agencies and used mainly for reconnaissance 
overseas. Federal scientists can ask for per- 
mission to see specific images—as well as 
request that specific images to be taken—by 
applying to the Civil Applications Commit- 
tee (CAC). Recommendations from the com- 
mittee, which is headed by the director of 
the U.S. Geological Survey (USGS) and 
includes officials from more than a dozen 
agencies, are reviewed by the National 
Geospatial-Intelligence Agency (NGA), 
which oversees military and intelligence 
‘mapping efforts. Last year, CAC forwarded 
about 50 such requests 

Researchers have used the program to 


icials worried 
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access images of phenomena such as the 
movement of glaciers in Yakutat Bay in 
Alaska, forest fires in Montana, and Mount 
Pinatubo in the Philippines. “If we are con- 
cemed that a volcano is about to erupt, we 
‘would like to be able to getthe data now,” says 


The big picture. Spy-satellite images have helped scientists study 


forest fires and other phenomena. 


James Devine, an adviser to 
and CAC chair Mark Myers, 
Under the new plan, CAC will report to 
NAO in parallel with two new working groups 
that will serve homeland security and law 
enforcement. NAO will take requests from all 
three working groups and pass them on to 
NGA, essentially adding a layer of bureau- 
racy. Some CAC members fear that scientific 


SGS director 
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requests will end up at the bottom of the 
queue, far behind requests such as aerial 
images of vehicles at the U.S.-Mexico border. 
Science officials are also concerned that dis- 
agreements over privacy could lead Congress 
to decide that only intelligence agencies 
cean use the data, 

Some legislators have 
expressed similar apprehen- 
sions. Ina 16 August letter 
to DHS Secretary Michael 
Chertoff, Representative Edvard 
Markey (D-MA) asked the 
agency to describe how it plans 
‘to ensure that vital scientific 
ctivities are not eroded” asthe 
program expands “to include 
homeland security objectives: 

DHS officials say those 
fears are unfounded. Speaking 
to Science at a House hearing 
last week on the new office, 
Charles Allen, DHS chief intel- 
ligence officer, said that the 
scientific program “is going to 
become more robust than ever. 
We are going to work hard for 
all of our customers, including 
science agencies.” 

CAC members say they won't 
know if science is being served 
until they leam more about the new office. 
“The people in charge have been a group 
of scientists representing their respective 
agencies,” says another CAC member who 
requested anonymity. “With the pro} 
moving toward some sort of a domestic sur- 
veillance mission, can the science continue as 
before? I don’t know." 

~YUDHI}IT BHATTACHARIEE 
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GENOMICS 


A Little Gene Xeroxing 


Goes a Long Way 


Researchers studying the evolution of 
starch digestion have uncovered evidence 
of a surprising adaptation: Rather than 
relying on mutations in a particular gene to 
help us digest roots and tubers better, the 
human genome simply made more copies 
of the gene in question. The finding is one 
of the strongest examples yet of evolution 
affecting gene copy number in humans and 
sheds light on how our diet split us apart 
from other primates. 

‘An enzyme called salivary amylase- 
encoded by the AMY/ gene—helps humans 
digest starchy food. Ina typical evolutionary 
scenario, natural selection would favor ran- 
dom mutations in AMY that caused it to 
churn out more of the enzyme or a more 
effective version of it in people who ate a 
high-starch diet. 

Buta study published online 9 September 
in Nature Genetics contends that something 
else happened. Nathaniel Dominy. an evolu- 
tionary anthropologist at the University of 
California, Santa Cruz, and George Perry at 
Arizona State University in Tempe analyzed 
AMY in high-starch eaters such as Ameri- 
cans of European descent, Japanese, and 
Hadza from Tanzania, hunter-gatherers who 
cat many roots and tubers, as well as groups 
that eat little starch, such as the Biaka of the 
Central African Republic and the Mbuti 
from Congo, both rainforest hunter-gatherers, 
and Tanzania's Datog and Siberia’s Yakut 
pastoralists. In all, the researchers studied 
samples from more than 200 people. 
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The team found that rather than having. 
‘mutations that boosted AAMY1's activity, the 
high-starch eaters had extra copies of the 
gene. On average, the high-starch eaters 
had seven copies of the gene, whereas the 
low-starch populations had only five. “If 
you have a gene that's working well, why 
hot just copy it over and over again?” asks 
Dominy. “Why wait for evolution to just 
roll the dice’ 

For a broader evolutionary perspective, 
the researchers looked at 15 chimpanzees, 
which eat little starch. All had only two 
copies of AMY7. And an analysis of the gene 
from bonobos, the chimp’s closest relative, 
found that it had mutations that may prevent 
AMY1 from functioning altogether. “I was 
very excited to see this,” says Gregory 
Laden, a biological anthropologist at the 
University of Minnesota, Twin Cities, who 
contends that eating starch-rich roots and 
tubers played a key role in differentiating 
hhumans from other apes. 

Ajit Varki, who studies human origins at 
the University of California, San Diego, 
says the report also suggests that humans 
may have had access to starchy foods before 
the advent of agriculture, as is commonly 
thought, Even populations with low-starch 
diets had extra AMY! copies, he notes: 
“This would imply that first there were 
some rounds of duplication of the gene in 
preagricultural humans, and then that went 
further in agricultural humans.” 

JON COHEN 
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Waiting for Cybrids 


Despitea provisional okay from British regula 
tots, scientists who want to use animal eggs as 
part ofa process to produce patient-specific 
embryonic stem (ES) cells will have to wait abit 
longer forthe expected green light. Two U.K. 
‘groups have applied to that country’s Human 
Fertilisation and Embryology Authority (HFEA) 
tory nuclear transfer techniques that would 
combine human cell nuclei and animal oocytes 
to create so-called cybrids. The technique, 
which U.S. and Chinese scientists have tried 
with limited success, might allow researchers to 
make patient-specific ES cells without using 
human oocytes, which are difficult to obtain, 
‘After a yearlong review, HFEA said last 
week that it saw no fundamental reason to pro- 
hibit the technique but that it plans to make a 
decision in November after additional study, 
Stephen Minger of King’s College London, who 
submitted his application in November 2006, 
says he is satisfied with the British regulatory 
process. "like the fact that this [esearch] is 
tightly regulated. | think we've come out the 
‘other end with a huge amount of support” 
from the public. ‘~GRETCHEN VOGEL 


Stem Cell Funding Plans 


German scientists hoping for a relaxation of 
the strict laws governing human embryonic 
stem (ES) cells won't be getting any help from 
education and research minister Annette 
Schavan. This fll, the German parliament is 
expected to debate the country's current stem 
cell regulations, which make ita crime to work 
with human €5 cells derived after 1 January 
2002. This week, Schavan said she would not 
support lifting the cutoff date, although she 
did not rule out shifting it to allow work with 
more recently derived cells. At the same time, 
Schavan announced $6.85 million in new 
funding for research into methods that would 
produce pluripotent cells—cells that can 
become nearly all the body's cell types— 
without using human embryos. She says her 
goal is to make ES cells “superfluous.” 

‘As Germany continues to tread cautiously, 
California is speeding toward its goal of 
becoming the world’s stem cell mecca. On 
10 September, the Eli and Edythe L. Broad 
Foundation announced a $20 million donation 
to the University of California, Los Angeles, for 
faculty development, equipment, and facilites 
atts stem cell institute, now renamed after 
the donors, Last year, the foundation gave 
525 million to the University of Southern Cali- 
fornia in Los Angeles forthe same purpose, 

~GRETCHEN VOGEL AND 
‘CONSTANCE HOLDEN 
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CONSERVATION 


Scientists Say Ebola Has Pushed 
Western Gorillas to the Brink 


The combined threat of the Ebola virus 
and poaching have pushed westem gorillas 
into the “critically endangered” category 
in the latest international ranking of 
species threatened with extinction 
Although estimates suggest that tens of 
thousands of the animals still live in west- 
central Africa, the new Red List from the 
World Conservation Union (IUCN) moves 
the species into its highest alert category, 
in large part because of fears that continu- 
ing Ebola outbreaks could swiftly wipe out 
still-significant gorilla populations 

The list, released on 12 Sept 
ember, highlights the western 
gorilla as well as dozens of other 
species for which new data indi - 
cate an increased risk of 
extinction. The “critically endan- 
gered” category is usually ap- 
plied when just a few hundred 
individuals survive in the wild. 
But researchers say that western 
gorillas, despite their relatively 
large numbers, are in serious 
trouble, An ongoing series of 
Ebola outbreaks has killed up 
to 90% of the animals in some 
regions (Science, 8 December 
2006, p. 1522), and the use of 
va les to stem the disease 
faces daunting challenges. 
Adding to the pressure, the rapid 
development of logging roads has 
opened up vast new regions to 
pouchingand the bush-meat trade. 

Although the other species in 
the Gorilla genus, the eastern 
gorilla, is far less numerous than 
the western gorilla, IUCN ranks 
the former one level lower at 
“endangered” because it is out- 
side the current area of Ebola 
outbreaks. As for western gorillas, there 
‘may be as many as 30,000 left in their cur- 
rent range, which stretches across Gabon, 
Equatorial Guinea, and parts of Cameroon, 
the Central African Republic, and the 
Republic of the Congo. There are two 
subspecies, the more common western 
lowland gorilla and the extremely rare 
Cross River gorilla, of which fewer than 
200 probably remain. 

It is unusual for disease to be cited as a 
fication, says wildlife 


reason for reclas: 
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disease specialist Richard Kock of the 
Zoological Society of London, who 
co-chairs the IUCN Veterinary Specialist 
Group. But even if the new status has come 
sooner than expected, the change is war- 
ranted, says Kenneth Cameron, a field vet- 
erinarian with the Wildlife Conservation 
Society in Brazzaville, Republic of the 
Congo. “Is this jumping the gun a bit? 
Some would argue that it is,” he says. “But 
it is inevitable that this species is going to 
end up on a critically endangered list. It's 
simply a matter of when.” 


[At risk. The threat from the deadly Ebola virus and poaching have prompted 
scientists to call western gorillas critically endangered, 


IUCN experts found that the western 
gorilla population has declined by 60% in 
the past 20 to 25 years and estimated that in 
the past 15 years Ebola has killed one-third 
of the animals living in protected areas such 
as national parks. Those numbers are only 
the roughest of estimates, Kock says. The 
current gorilla range “is a huge place. 

Its bloody impossible to know what's going 
on” in the remote forest regions, he says. 

Conservationists say they hope the new 
status will help pressure governments and 


international donors to increase efforts to 
protect gorillas and their habitat. They also 
say they hope it will lead to more funding 
for the search for an Ebola vaccine. 

What is certain is that western gorilla 
habitat will be under severe pressure in the 
next 5 years, Cameron says. Plans are under 
way in the Republic of the Congo to 
improve the road and rail connections 
between Brazzaville and Ouesso, the 
largest town in the north, Both projects will 
cut through prime gorilla habitat, making it 
easier for hunters to reach and for bush 
meat to be shipped back to city markets, 

While public awareness campaigns and 
increased antipoaching efforts might help 
mitigate pressure from hunters, scientists 
are struggling to blunt the impact of 
Ebola. The vinus can pass from ape to ape, 
so regions with higher popula- 
tion densities are especially at 
risk. “It appears to act like a 
brushfire,” Cameron says, “You 
get a lightning strike some- 
where, and it starts to burn.” 

Although admitting it’s a long 
shot, some researchers hope a 
vaccine campaign could at least 
save enough animals to preserve 
the species. Atleast half a dozen 
vaccine candidates have pro- 
tected mice or monkeys in the 
lab from the Ebola virus, But 
finding a way to deliver a v 
cine safely to wild animals is no 
small challenge. 

Few believe that vaccine- 
laden darts could reach enough 
gorillas to stem the spread of the 
disease. Peter Walsh of the Max 
Planck Institute for Evolutionary 
Anthropology in Leipzig, Ger- 
many, is working with a vaccine 
company to develop possible 
baits that could carry an oral vac- 
cine. The bait must keep the vac= 
cine viable in the hot, humid con- 
ditions of the forest, attract great 
apes, and be safe for other ani- 
mals who might find it first. Walsh says that 
before the end of the year, he and his col- 
leagues plan to begin testing darting and 
oral bait strategies, without incorporating a 3 
vaccine, in the Republic of the Congo. 

“This is not just about Ebola,” Walsh 3 


says. “All apes are under increased disease 
threat, especially from human-introduced 
diseases. Vaccines are going to be an & 
increasing part of conservation. ... This is 3 
not going to be wasted time or money” § 
-GRETCHEN VOGEL 5 
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EPIDEMIOLOGY 


Tropical Disease Follows Mosquitoes to Europe 


For years, medical entomologists have wor- 
ried that the astonishing ascent of the Asian 
tiger mosquito (Aedes albopicmus) might 
bring not only nasty bites but also new pub- 
lic health surprises, After all, the mosquito isa 
known vector for more than 20 viral diseases. 

‘They were right. This summer, the mos- 
quito, which has become firmly established 
in southern Europe, has infected almost 
200 people in Italy with chikungunya, a 
painful viral disease. It the first 
known example of chikungunya 
transmission outside the trop- 
ies—and it’s making scientists 
wonder whether 4. albopictus 
has the potential to touch off 
much larger outbreaks in Europe 
‘and the United States, 

Chikungunya is rarely fatal 
but can cause severe fevers, 
headaches, fatigue, nausea, and 
muscle and joint pains. People 
started falling ill in Castiglione 
di Cervia and Castiglione di 
Ravenna—two villages sepa- 
rated by a riverin the province of 
Ravenna—in carly July, says 
Antonio Cassone of the Istituto 
Superiore di Sanita (ISS), a 
national government lab in 
Rome. But most patients’ symptoms were 
mild and resembled those of other diseases, 
such as the Toscana virus, so health officials 
didn’t notice for a while. Samples reached 
ISS on 27 August, and the virus was identi- 
fied the next day. 

Epidemiological detective work suggests 
that the index patient was a man who traveled 
to one of the villages and became sick there, 
after having been infected in India. Isolation 
and sequencing of the virus are under way to 
confirm that theory, Cassone says. One 
patient, an 83-year-old man with severe pre~ 
existing medical problems, has died. 

Chikungunya sickened more than one- 
third of the almost 800,000 inhabitants of 
La Réunion, a French island in the Indian 
Ocean, in 2005 and 2006 (Science, 24 February 
2006, p. 1085). India suffered an explosive 
outbreak in 2006 with more than 1.25 million 
ceases, although some believe the real toll is 
much higher. Several European countries 
had seen “imported” cases of chikungunya 
lately, but local transmission in Europe has 
never been observed before. “It's fascinat- 
ing,” says entomologist Paul Reiter of the 
Pasteur Institute in Paris. 
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A daytime biter, A. albopictus originated 
in Southeast Asia and has made impressive 
strides across the globe in the past 
2 decades. It was first found in the United 
States in secondhand tires imported from 
Asia in Houston, Texas, in 1985; today, it 
has spread to more than 20 southern and 
easter states. In Europe, the mosquito has 
appeared in Mediterranean countries from 
Greece to Spain and as far north as the 


Netherlands. Its eggs often hitch a ride with 
plants shipped in water containers, such as 
the popular Lucky bamboo. 

It’stoo early to tell whether chikungunya 
now has a permanent foothold in Europe. 
New cases have slowed to a trickle, says 
Cassone, in part because the mosquito pop- 
ulation is dwindling as temperatures drop. 
critical question is whether infected mos- 
quitoes can survive the winter or pass on the 
vvirus to their offspring via their eggs, says 
Reiter. “If they can, we might see a np-roaring 
epidemic next year.” he says. Even if they 
can't, any newly imported case could kick 
offan outbreak in the future. 

There are no drugs or vaccines against 
chikungunya, but the outbreak at La Réu- 
nion triggered renewed interest in an old 
‘vaccine candidate developed in the 1980s by 
a US, Army lab in Fort Detrick, Maryland. 
Scientists at three French government insti- 
tutions are now working on that vaccine, and 
new clinical trials might begin before the 
end of 2008, says epidemiologist Antoine 
Flahault, who chaired French task force on 
chikungunya last year. 

“MARTIN ENSERINK 
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The Full Taleyarkhan 


Itlooks as though bubble fusion researcher 
Rusi Taleyarkhan of Purdue University in West 
Lafayette, Indiana, will go under the micro- 
scope afterall. Last week, Purdue officials 
announced that an internal panel has con- 
‘luded that allegations of research mis 
conduct warrant a full investigation, 

The latest inquiry was prompted by a 
request from the Office of Naval Research 
(ONR), which helped fund some of Taleyarkhan's 
work, and follows congressional criticism of 
Purdue's handling of the alleged misconduct, 
The decision reverses a previous inquiry by 
the university that recommended against a 
{ull investigation (Science, 16 February, 
921). Purdue expects to begin the investi- 
gation once it hears back from ONR officials. 

“ROBERT F, SERVICE 


Show Me the Data 


Many gene hunters who trawl the entire 
human genome for disease genes will soon be 
asked to share their data, Starting 25 January, 
recipients of grants from the National inst- 
tutes of Health (NIH) for “genomewide associ- 
ation studies” willbe “strongly encouraged” 
to submit their data sets stripped of identifiers 
to a central database, The sharing will allow 
findings to be validated in many populations 
(Science, 11 May, p. 820). 

NIH will give researchers who submit data 
sets a year to publish before others can use the 
data in their own publications. Privacy protec- 
tions would prevent nonresearchers from using 
the Freedom of information Act to obtain 
genetic and clinical data on an individual, NIH 
concluded. One academic says she hopes NIH 
will spell out how institutional review boards 
should comply with the policy. 

“JOCELYN KAISER. 


Florida Bound? 


Germany's Max Planck Institute (MPI) is a big 
step closer to opening its frst research center 
in the United States. This week, county com- 
missioners in Palm Beach, Florida, unani 
‘mously supported the idea of selling $86.9 
tion in bonds as part of 2 $181.8 million incen- 
tive package to lure the institute. Ifthe state 
kicks inits share, MPI wil build a 9000-m? 
bioimaging research facility on the campus of 
Florida Atlantic University in Jupiter, next door 
to newly arrived Scripps Florida. “I've spent 
about 10 seconds considering this,” says 
Commissioner Jeff Koons. “[Then] | said, “Go 
do it.'* MP officials called the vote “an impor- 
tant steppingstone.” “ROBERT F. SERVICE 
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BIOSECURITY 


Reports Blame Animal Health Lab 
In Foot-and-Mouth Whodunit 


Neglected, leaky pipes and England's record- 
setting wet summer likely combined to cause 
the country’s recent outbreak of foot-and- 
mouth disease (FMD), according to two 
reports issued last week. The virus responsi- 
ble probably escaped from a company, Merial, 
that grew vast amounts of it for vaccine 
production, the studies say, Yet the reports 
assign most of the blame for the outbreak to 
the Institute for Animal Health (LAH), a gov 
ernment lab at the same site in Pirbright that 
owned the aging network of underground 
‘wastewater pipes and was aware that itneeded 
maintenance. [AH breached biosecurity in 
‘other ways as well, the reports found. 

The findings are a blow to the reputation of 
IAH, aworld-tenowned FMD research center, 
says Andrew Mathieson, an environmental 
health expert at the University of the West of 
England in Bristol. But they should also serve 
as a more general warning. “My worry is 
‘What about the many other research establish- 
ments of the same age?” he says. 

Rapid government action helped contain 
the FMD outbreak, first confirmed on 
3 August, to just two farms in Surrey (Science, 
10 August, p. 732). Still, the National Farm- 
crs’ Union puts the accident’s economic 
impact at more than $100 million, and some 
politicians have called for resignations at the 
Department for Environment, Food and Rural 
Affairs (Detia), which oversees biosafety at 


‘Merial Large-scale FMD vaccine production 


TAH Small-scale FMD experiments 


1AH and also funds some 65% of its work. 

Genomic comparisons of the outbreak 
virus to strains from Merial and [AH can’t 
pinpoint from which of the two labs the virus 
‘escaped, acconfing to the reports, one led by 
the U.K.’s Health and Safety Executive 
(HSE), agovernment agency, andthe other by 
molecular epidemiologist Brian Spratt of 
Imperial College London. Still, the panels 
say, i's much more likely that the virus came 
from Merial, which grew it in two 6000-liter 
vats shortly before the accident, producing a 
million times more virus than LAH used in its 
small-scale experiments. 

But how did it escape? The reports con- 
clude that air leaks, contamination from 
solid waste, and foul play by terrorists or dis- 
gruntled employees are unlikely. Instead, 
both focus their suspicions on the site’s 
wastewater system. 

A two-step chemical strategy is used at 
Pirbright to prevent FMD from escaping in 
liquid waste. Both Merial and AH first treat 
‘wastewater at their own buildings with a dis- 
infectant such as citric acid, Then, a complex 
system of pipes takes the water to a shared 
effluent treatment plant, managed by LAH, 
here caustic soda is used to raise the pH to 
12 and kill off any remaining virus during a 
12-hour holding period. Finally, the liquid is 
released into the sewer. 

‘Although the first treatment step proba- 


Recipe for an outbreak. The escaped foot-and-mouth disease virus (red) probably originated at vaccine 
‘manufacturer Merial, two reportssay, but the Institute for Animal Health owns the leaky drainage system that 
presumably et the virus seep into the soil. Trucks may have then carried it close to a farm. 
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bly killed off almost any leftover virus at 
JAH, it likely didn’t inactivate the larger 
amounts in Merial’s wastewater. The second 
treatment step would normally take care of 
that, but the network of pipes, pumps, and 
manholes leading to it suffered from leaks 
due to cracks, tree roots, and other problems. 
The reports hypothesize that live virus 
seeped into the soil as a result, especially 
because July's excessive rainfall may have 
caused the drains to overflow, 

As it happened, construction crews were 
digging holes around the leaksat the time, and 
heavy trucks—without proper IAH over- 
sight—drove through the presumably viru 
Jaden mud. Some of these vehicles later took a 
road that went very close to the first infected 
farm, From there, the farmer may have carried 
the virus to is herd 

JAH, apart ofthe UK. Biotechnology and 
Biological Sciences Research Council 
(BBSRC), owns the antiquated drainage sys- 
tem, the HSE report says. It was also aware of 
some of the network's problems. In fact, [AH, 
Defra, BBSRC, and Merial had debated an 
‘upgrade since 2003; the problem was money. 

‘As to Merial’ discharge of virus into its 
wastewater, HSE says this wasn't a breach of 
biosecurity, because Defra had approved the 
procedure used in the first disinfection step. 
But in a statement, [AH pointed its finger at 
Merial, suggesting that the company should 
have taken better care to inactivate any virus, 
Strangely, the Spratt report says, IAH didn’t 
seem to know that Merial might release active 
virus into the system; biosafety officers from 
the lab and the company handly ever talked, 

Both panels question the wisdom of 
chemically inactivating wastewater alto- 
gether. Indeed, most modern labs use thermal 
inactivation—that is, pressure-cooking at 
121°C—to destroy any pathogens, says Lee 
‘Thompson, a biosafety officer at the Univer- 
sity of Texas Medical Branch in Galveston, 
Still, the second step, using caustic soda, “is 
very effective against FMD,” Thompson 
ssays—but underground pipes that cannot be 
inspected “are a big problem.” 

Defra says it will adopt a range of recom- 
‘mendations to fix problems at Pirbright, such 
as keeping bettertrack of visitors and making 
sure biosafety officers communicate, Merial 
has agreed not to grow live virus until 
UK. authorities give it the green light. [AH, 
which was constructed in 1924, is due to be 2 
almost completely rebuilt by 2012, although $ 
some funding issues remain, Defra has also @ 
asked Health and Safety Commission chair 3 
Bill Callaghan to review the regulatory 5 
framework for animal pathogens. He is due § 
toreport by December. -MARTINENSERINK & 
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BIODEFENSE RESEARCH 


Lapses in Biosafety Spark Concern 


An apparent breakdown in biosafety at Texas 
A&M University (TAMU) in College Station 
is prompting scrutiny of the expansive 
U.S. biodefense research program and the 
assurance that federal inspections keep 
researchers following the rules. Last week, 
the Centers for Disease Control and Preven- 
tion (CDC) in Atlanta, Geongia, described a 
dozen safety lapses at TAMU, from unre- 
ported exposure to pathogens to inadequate 
protective gear. TAMU’s research on select 
‘agents, pathogens that are considered poten- 
tial bioweapons, is on hold until it complies 
with the regulations, 
But in a twist, CDC may have indicted 
itself along with TAMU, Toward the end of a 
21-page report, it noted that it had inspected 
TAMU as recently as February and found 
§ nothing other than minor problems, such as 
variation in how staff tracked lab inventory. 
3 After prodding by an independent whistle- 
blower, however, CDC inspectors retuned to 
TAMU in July and uncovered the violations 
described in last week's report, many from 
§ before the February inspection 
Biosafety and bioweapons experts say 
the charges are among the most damning 
that they can recall. They include three 
missing vials of Brucella bacteria; unau- 
thorized employes working with select 
agents; a faculty member performing a 
recombinant DNA experiment without the 
necessary CDC approval; concerns about 
disposal of animals used in select-agent 
experiments; and three unreported cases of 
individuals exposed to the bacterium 
Coxiella burnetii, which causes Q fever, a 
treatable but infectious disease. “There 
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was no evidence that a coordinated 
response or biosafety assessment was pe 
formed as a result” of these exposure: 
notes the CDC report. 

The report “reflects about as badly on 
CDC as it does on Texas A&M,” says 
Edward Hammond, director of the Si 
shine Project in Austin, Texas, a bio~ 
weapons watchdog group. Last spring, 
Hammond’s repeated demand for TAMU, 
documents under a state open-records law 
revealed that in April 2006, an employce 
was diagnosed with brucellosis, an animal 
disease, TAMU did not report the infection 
to CDC until after it came to light (Science, 
20 April, p. 353). Inspectors initially 
missed the “train wreck of a select-agent 
program,” says Hammond. CDC has “got 
some explaining to do.” 

The agency declined to comment 
“There's nothing I can add,” said CDC 
spokesperson Von Roebuck, when asked 
whether the agency would speak to its fail- 
ure to detect the 
major safety viola- 
tions in its February 
inspection of TAMU. 

Onepossible expl- 
nation, says Ronald 
Atlas, a microbio- 
logist at the Univer- 
ile in 
is that 
normally, “the in- 
spections are of the 
lab facility” and equip- 
ment, not an in-depth 
look at lab proce- 


OF 
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Exposed. Brucella bacteria infected a 
researcher, but the case went unreported 
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Under fire. Texas ABM University was faulted for 
[apes ints oversight of pathogen research, 


dures. Many ofthe TAMU violations, however, 
concern access to pathogens and lab practices. 

The problems CDC cited are serious but 
probably not unique, according to scien- 
tists both inside and outside TAMU. “If you 
were to apply an equivalent level of 
scrutiny at other institutions, I think you 
‘would find issues of concern,” says TAMU 
microbiologist Vernon Tesh, one of four 
lab leaders singled out for safety lapses in 
CDC's report. “You always have to have 
safety in mind,” he added. “Having said 
that, accidents happen." In a press confer- 
cence last week, TAMU's interim president 
Eddie Davis said that other “institutions 
under that same level of review would 
probably have findings that would be 
reportable to the CDC. 

Since the CDC's July inspection, the uni- 
versity’s vice president of research and over- 
scer of biosafety compliance, Richard Ewing, 
has resigned from his position and returned 
tothe mathematics department (Science, 
17 August, p. 879). Another biosafety offi- 
cial, Brent Mattox, also left his post, Davis 
declined to assign responsibility for the lapses 
orsay whether any employees would face dis- 
ciplinary action, He praised Ewing for having 
“been very loyal and competent.” 

CDC has passed its report up the ranks 
to its parent agency, the Department of 
Health and Human Services, whose 


inspector general's office will consider 
whether to levy fines of up to $500,000 for 
cach of the 12 violations. The Government 


Accountability Office, Congress's inv 
tigative arm, is looking beyond TAMU, 
examining risks associated with the grow. 
ing number of high-level biosafety labs. 
The House Committee on Energy and 
Commerce plans to hold a hearing on the 
subject in early October. 

Meanwhile, scientists wonder what 
effect the TAMU findings 
will have. “Biosafety is man- 
dated by the public, or they're 
not going to let us do this 
research,” says Atlas, 

“This looks bad for all of 
us,” says Philip Hauck, a 
biosafety professional in New 
York City. Abiding by the 
guidelines is essential, he says, 
But “people get blasé, hate to 
say it, After a while as micro- 
biologists, you're like, “This 
thing never bit me?” 

JENNIFER COUZIN 


14 SEPTEMBER 2007 


1487 


1488 


EVERY YEAR, AFTER THE COLORS OF 
autumn faded from the trees and left barren 
bbranches to herald the winter, Herbert Kern 
‘would feel his mental skies darken. As the 
days shortened, the middle-aged materials 
archer would retreat from almost all 
tion, The routine was so 
familiar to Kern's colleagues at Bell Labs in 
Murray Hill, New Jersey, that they would not 
expect much work from him during those 
‘winter months in the 1970s. The seasonality 
of Kern's depression was reflected in the 
pocket notebooks in which he kept a log of 
his life. “During the rest of the year, I could 
fill a notebook every 2 weeks: in the winter, 
it would take months,” recalls Kern. Neither 
the few approved antidepressants of the time 
‘not lithium injections did anything to help. 
Then, in the late °70s, Kern learned about 
research in animals showing that melatonin, 
a hormone regulated by the light-dark cycle 
of day and night, plays a role in controlling 
seasonal behaviors such as mating. Wonder- 
ing if the hormone had something to do with 
his condition, he got in touch with psychia- 
trist and melatonin specialist Alfred Lewy at 
the National Institute of Mental Health 
(NIMH) in Bethesda, Maryland, who was 
wrapping up a study demonstrating that 
exposure to bright light during the night sup- 
pressed nighttime secretion of the hormone 
in normal humans. When Kern sank into 
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depression the following winter—in Decem- 
ber 1980—Lewy’s team exposed him to a 
few hours of light in the dark mornings and 
evenings, trying to match the amount of nat- 
ural Light of a spring day. After a few days of 
the treatment, “I began to be bubbly again,” 
says Kern, who later continued the regimen 
athome. “It worked like magic.” 

Kern's case, and 3 years of follow-up 
work, led researchers to identify winter 
depression asa psychiatric illness that subs 
quently came to be known as seasonal affe 
tive disorder. SAD has since been shown to 
afflict millions of people, primarily in the 
northern latitudes, and a recent analysis by 
the American Psychiatric Association (APA) 
in Arlington, Virginia, provided a strong 
endorsement for light therapy as a treatment. 
And yet it's not settled how light, or other 
interventions that target the circadian clock, 
helps people with SAD. 

‘SAD provides the strongest evidence to 
date of a link between the biological 
clock—the body's 24-hour timekeeper 
and mental health, a proof of principle that 
circadian rhythms that are out of sync could 
underlie some mood disorders. But there is 
increasing evidence that circadian distur- 
bances are involved in other common men- 
tal ailments such as bipolar disorder and 
more obscure ones such as a syndrome in 
which people compulsively eat at night. In 


Light therapy and 
target the body's 
treat depression and other mood 


Is Internal Timi 
y to Mental Healt 


clock. 


recent years, psychiatrists working with 
small groups of patients have shown that 
correcting abnormal ci rhythms: 
through exposure to light, melatonin pills, 
or even sleep deprivation—can help treat 
some of these disorders and can also benefit 
patients with neurodegenerative illnesses 
such as Alzheimer’s, Some drug comp, 
are even taking heed. “The circadian model 
is clearly beginning to bear fruit,” says 
David Avery, a psychiatrist at the University, 
of Washington School of Medicine in Seat- 
tle. “It is logically getting extended beyond 
SAD and should lead to better treatments 
for a number of psychiatric disorders.” 


The fog about light 
When Kem contacted Lewy at NIMH, sci- 
eentists already knew that all mammals have 
amaster clock in the brain's suprachiasmatic 
nucleus, which regulates the waxing and 
waning concentration of numerous hor- 
mones and proteins in the body over an 
approximately 24-hour cycle, They also 
knew that the rhythms of many of these body 
chemicals—including melatonin, secreted 
by the pineal gland during darkness—were 
synchronized to the light-dark cycle of the 
environment, In treating Kern with light, the 
NIMH researchers—led by Lewy and his 
senior colleague, Thomas Wehr—simply 
simulated the earlier dawn and later dusk o 
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spring, hoping that by shortening the dura- 
tion of melatonin secretion, they‘d lift Kern 
out of his depression. 

Although it worked—and has since 
proven effective in treating many other cases 
of SAD—Wehr and Lewy formed different 
opinions about light therapy’s mechanism. 
Wehr grew convinced that the antidepressant 
effect was a result of the artificially length- 
ened daytime, which led to less melatonin 
secretion and presumably had downstream. 
effects leading to an improvement in the 
patient's mood. Lewy instead came to believe 
that the effect was due to the resetting of the 
patients circadian clock, not the overall dura- 
tion of melatonin production. In most SAD 
patients, he argued, the depression was the 
result of circadian clocks being out of syne 
‘with respect to the sleep-wake eyele, like a 
chronic form of jet lag. The theory has 
‘become known as the phase-shift hypothesis, 

Last year, researchers led by Lewy—who 
hhas been at Oregon Health and Science Uni- 
versity in Portland since 1981 
presented the strongest evidence to 
date for this theory. Rather than 
using bright lights to reset the cit- 
cadian clock, Lewy and his col- 
leagues gave SAD patients mela- 
tonin pills. (The body's melatonin 
rhythm is tightly coupled to 
rhythms of other hormones such as 
cortisol and serotonin, and 
researchers have established that 
‘administering melatonin is a way 
to shift all of those rhythms en 
bloc.) People normally start secret 
ing melatonin a couple of hours 
before bedtime to prime the body 
forsteep, so administering the hor- 
mone in the afternoon should 
advance a patient's circadian clock 
relative to his sleep-wake cycle. If 
nin the morning, it should 
have the opposite effect. 

By making patients stick to 
their regular sleep times, the 
researchers ensured that their 
sleep-wake cycle remained constant 
throughout the study. After 3 weeks, they 
found that SAD patients whose circadian 
clocks normally lagged behind their sleep- 
wake cycle did better when they received 
afternoon melatonin and worse when they 
‘were given the hormone in the morning. The 
treatments had the opposite effects on those 
whose cycles were shifted the other way. 
Lewy points out that the treatments increased 
the duration of melatonin production, yet 
patients improved when their cycles were 
& brought into syne. “If Tom [Wehr] was right, 
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these people should have gotten worse,” he 
says. Lewy notes that the melatonin results 
are consistent with previous studies showing 
that morning light is significantly better at 
treating SAD than evening light (which cor- 
responds to there being a higher proportion 
of phase-delayed rather than phase-advanced 
individuals among SAD patients). 

Wehr, who retired from NIMH in 2003 
and is now a practicing psychiatrist in 
Bethesda, Maryland, remains unconvinced. 
He points to animal studies showing that 
‘morning light brings about a quicker end to 
melatonin secretion without really affecting 
the hormone’s onset time in the evening. I's 
possible, he angues, that afiernoon melatonin 
led Lewy’s patients to stop secreting the hor- 
‘mone a lot earlier than normal the followin; 
morning, in effect shortening the length of 
their melatonin production. To settle the 
question, Wehr says, researchers would need 
to keep a continuous track of the patients” 
24-hour melatonin profile. 


Chronobiological Mood Disorder 
SLEEP 


Out of sync. Some researchers believe that misalignments between certain 
circadian rhythms and the sleep-wake cycle may be a driver of mental illnesses. 


Lewy’s hypothesis does not rule out the 
possibility that additional mechanisms are 
involved in light’s antidepressant action. 
‘Some studies have shown, for example, that 
exposure to sunlight can increase brain levels 
of serotonin—a neurotransmitter associated 
with well-being—and Lewy saysit’s possible 
that serotonin is related to circadian align- 
ment. To get a full mechanistic account of the 
clock’s role in mental health, researchers still 
need to understand what cellular events are 
triggered when out-of-sync rhythms are 
snapped back into phase with each other, and 
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by the same token, what happens in the brain 
when rhythms go awry—as they do even in 
healthy individuals who are jet-lagged. 


Beyond SAD 

A better understanding of these mechanisms 
could shed light on disorders beyond SAD, for 
abnormal circadian rhythms are turning out to 
be a factor in a number of other mental ill- 
nesses. Two years ago, in Chronobiology 
International, Vishwajit Nimgaonkar and his 
colleagues at the University of Pittsburgh 
Medical Center in Pennsylvania reported that 
among 75 patients with bipolar disorder, inter~ 
nal biological clocks—as measured by ques- 
tionnaire probing activity and sleep pa 
terns—tended to be disturbed in comparison 
to those of a set of normal individuals, 

‘And in two ongoing studies, researchers 
led by Anna Wirz-Justice of the Centre for 
Chronobiology at the Psychiatric Universi 
Clinic in Basel, Switzerland, are finding, 
abnormal circadian rhythms in schizophrenic 
patients and in patients with 
borderline personality disorder. 
(The preliminary results from the 
studies were presented at the 
annual meeting of the Society for 
Light Treatment and Biological 
Rhythms in Copenhagen, Den- 
‘mark, in June.) Also this summer, 
‘at a meeting on biological clocks 
and rhythms at Cold Spring 
Harbor Laboratory in New York 
‘state, psychiatrist Namni Goel of 
the University of Pennsylvania 
reported that many 24-hour hor- 
monal rhythms in patients with 
night eating syndrome were cither 
advanced or delayed with respect 
tothe sleep-wake eyele, 

‘Some researchers suspect that 
defects in the gears of the body's 
biological clock, caused by 
genetic mutations, will be shown 
to play a role in mental health 
problems. They point to studies 
such as one reported last year by 
Colleen McClung and her colleagues at the 
University of Texas Southwestern Medical 
‘Centerin Dallas. The researchers created mice 
missing the Clock gene—which encodes a 
key protein in the machinery of the circadian 
system—and found that the animals showed 
manic behaviors, becoming hyperactive and 
keener to take risks. Expressing the CLOCK 
protein in the animals’ midbrains restored 
behavior of the mutant mice to normal, 
‘McClung and her colleagues further reported 
in the 10 April issue of the Proceedings of the 
National Academy of Sciences this year. 
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If disrupted circadian rhythms contribute 
to mental illnesses other than SAD, those 
conditions could also benefit from light ther- 
apy. Indeed, researchers have begun testing 
this idea in small groups of patients, and they 
say the results look promising. 

Nearly 200 people with Alzheimer’s dis 
‘ease, spread across 10 homes for the elderly, 
are now helping researchers test whether light 
therapy can alleviate some symptoms of the 
fatal ncurodegenerative disease—one of 
which is disturbed sleep-wake rhythms, 
Psychiatrist Eus J. W. van Someren of the 
Netherlands Institute for Neuroscience in Ams- 
terdam and his colleagues have installed bright 
light fixtures in the lounges of six of the homes; 
at the remaining sites, they installed similar but 
fewer lights to set up the lighting equivalent of 
a placebo. Van Someren says that the unpub- 
lished preliminary results, based on more than 
4 years of data, show that bright light improved. 


biking. Although how the technique works is 
poorly understood, psychiatrists routinely use 
sleep deprivation to produce a rapid emotional 
lift in deeply depressed patients, including 
those hospitalized after a failed suicide attempt. 

Benedetti and others have shown that this 
dramatic effect, which invariably vanishes 
aftera day, can be sustained for several weeks 
by using light therapy to shift the patient's 
sleep-wake cycle in the days that follow. The 
idea again is to bring the circadian rhythms 
back in alignment. The researchers have 
reported, in a study published in The Journal 
of Clinical Psychiatry in 2005, that combin- 
ing light therapy with initial sleep deprivation 
can effectively treat bipolar patients. Ina 
more recent study involving $5 bipolar 
patients, presented at the Cold Spring Harbor 
meeting by University of California, Irvine, 
Psychiatrist Joseph Wi, those who received a 
treatment package including antidepressant 
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Dispelling gloom. Psychiatrist Alfred Lewy wants to understand why light therapy (being set up, above) 


‘Works in patients with seasonal affective disorder. 


the sleep-wake rhythms of patients. He claims 
the data also show that it slowed their cognitive 
decline, hinting that the disturbed circadian 
shythms were a partial cause. 

Light and melatonin are not the only inter- 
ventions that researchers are using in their 
attempts to treat mental disorders by tinkering 
with the circadian clock. Francesco Benedetti, 
4 psychiatrist at the San Raffaele Scientific 
Institute in Milan, Italy, has spent the last 
decade studying the antidepressant effects of 
total sleep deprivation—a strategy discovered 
by chance in the 1960s when German cli 
cians observed significant improvement in a 
depressed patient who had spent the night 
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medication, light therapy, and sleep-wake 
adjustment following total sleep deprivation 
did significantly better than those who only 
received medication. 


Witch healers? 

Such studies seem to be making an impres- 
sion on the broader psychiatric community. 
1n2005, agroup set upby APA to examine the 
efficacy of light therapy concluded from a 
‘meta-analysis of published literature that the 
treatment significantly reduced depression 
symptoms in SAD, as well as in other mood 
disorders. The group, led by psychiatrist 
Robert Golden, now at the University of 


Wisconsin School of Medicine and Public 
Health in Madison, declared in April 2005 in 
The American Journal of Psychiatry that “the 
effects of light therapy are comparable to 
those found in many antidepressant pharma- 
cotherapy trials.” However, the authors 
lamented the relatively small number of stud~ 
ies that met their criteria for the analysis 

only 20 out ofa total of 173 that were initially 
ied —and they noted that “additional 


identi 
randomized, controlled trials with appropri- 


ate numbers of subjects are neede: 

Until even a few years ago, “people looked 
at usas if we were some kind of strange witch 
healers,” says Benedetti, who began combin- 
ing light therapy with sleep deprivation in the 
1980s. Still, with recent data showing that 
drugs do not significantly help up to 40% of 
patients with mood disorders, he says, “there 
is a growing interest in chronobiological 
methods of treatment.” 

Unfortunately, proponents of'such methods 
sary, funding has been hard to come by, in part 
because of the perception that effective anti- 
depressants are available, Michael Terman, a 
psychiatrist at Columbia University, recalls 
that one grant application turned down by the 
National Institutes of Health contained this 
comment: “Why do we need a new antidepres- 
sant modality when we already know that 
drugs work?” The proposed work, a random- 
ized trial testing light therapy in pregnant 
‘women with depression, is now being funded 
by the Swiss National Science Foundation, 

“The pharma-driven model is so strong 

that itis difficult to win support for studying 
anything that does not involve drugs,” say 
rz-Justice. 
Nonetheless, the French pharma company 
Servier haspatented amelatonin agonist called 
agomelatine that is now undergoing clinical 
trials in Europe and in the United States as a 
treatment for depression, Merck has also setup 
a research group to look into the circadian 
basis of mood and sleep disorders in hopes of 
developing more effective drugs. “As therapies 
£0, it would be far easier to pop a pill than 
carry around a fluorescent bulb,” says 
Anthony Gotter, a member of the group. 

Kern, who is now practically blind from 
‘macular degeneration, would welcome a pill 
substitute, He says that light therapy became 
less and less effective for him over the years as 
his eyesight faded. “Now I can hardly see, and 
all hell has broken loose,” he says with surpris- 
ing cheer in his voice. “I have had periods of 
depression lasting over a year, and highs last- 
ing as long. 1 think my clock is just running 
freely, withoutany control by the environment. 
| don't know when I'm going to feel what." 

~YUDHIJIT BHATTACHARJEE 
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Bumper crop. Oil palm fruit bunche: 
bbeing moved by rail to the mill at 


United Plantation: 
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Can Palm Oil Plantations 


Come Clean? 


Under fire for their poor environmental record, makers of the world’s top vegetable 
oil are turning to scientists for advice on how to make their industry sustainable 


TELUK INTAN, MALAYSIA—A canary-yellow 
‘machine humbers onto a fallow oil palm field 
and, witha roar of its motor, rips into a ple of 
fronds and shavings of dead trunks. As planta- 
tion operators and scientists observe the 
mulching process, their guide, Cheriachange! 
Mathews, a senior manager at United Planta- 
tions’ Jendarata Estate, warns that the group 
has been infiltrated. “We have a journalist with 
us""hesays."" wanthim andall of youto know 
that nothing here—nothing—is wasted” 

Mathews has good reason to be concerned 
about the take-home message. With prices 
soaring, palm oil, Malaysia's number-one 
crop, has recently surpassed soybean as the 
top-selling vegetable oil in the world. Oil 
squeezed from palm frait bunches is an ingre- 
dient in myriad products, from ice cream to 
soap, and it is being touted as a biofuel that 
can stem reliance on fossil fuels. But the 
industry has been taking a mulching in the 
press. Environmental groups have accused 
plantations of razing foreststo plantthe fucra- 
tive crop and slaughtering orangutans that pil- 
fer and eat the fruit. 

Hoping to turn over a new frond, the oil 
palm industry is now endeavoring to demon- 
strate its sustainability, It faces an uphill battle 
‘A just-completed review by three dazen aca- 
demics details species declines pinned on the 
oil palm, a native of West Africa that has 
become a dominant feature of Southeast 
‘Asia's landscape. It is an “unavoidable fact 


www sciencemag.org 


that the replacement of diverse tropical forest 
with an exotic monoculture significantly 
impacts biodiversity.” states the Biodiversity 
and Oil Palm Briefing Document. it will be 
presented at a gathering in November of the 
Roundtable on Sustainable Palm Oil (RSPO), 
in which industry officials, scientists, and 
other parties are hammering out a voluntary 
certification scheme for minimizing harm to 
the environment. 

‘Scientists and like-minded industry insid- 
cershoping to curb destructive growth may get 
help from the market. Rising palm oil prices 
are strangling demand for palm as a biofue! 
Edgare Kerkwijk, managing director of the 
BioX Group, a renewable-energy company in 
ingapore, told the International Palm Oil 
Congress in Kuala Lumpur late last month. 
That's bitter news for companies in Southeast 
Asia that have been racing to ramp up capacity 
to process palm into biodiesel. With crude 
palm oil now topping $700 per ton, “we 
believe that palm oil is not a long-term bio- 


fuel,” Kerkwijk said. 

The industry, nevertheless, is riding high. 
According to the Food and Agriculture Orga- 
nization of the United Nations (FAO), global 
palm oil production last year was 37 million 
tons, 85% from Indonesia and Malaysia. 
Palm oil yields—2.8 tons per hectare, on 


2 to FAO. Aiming for even 
higher yields, the Asiatic Centre for Genome 
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Technology in Kuala Lumpur and Synthetic 
Genomics, a company in Rockville, Mary- 
land, founded by J. Craig Venter, in July 
announced a partnership to sequence and ana- 
Iyze the oil palm genome. 

Higher yields are vital to an industry look- 
ing to clean up its act. Seen from the ar, penin- 
sular Malaysia is a patchwork of settlements 
and plantations interspersed with forest; in 
2003, the peninsula had more than half of the 
country’s 3.7 million hectares of oil palm. 
Malaysian officials maintain that plantations 
are now allowed to expand only onto existing 
agricultural fields or degraded land. Indonesia 
isa different story. There, renegade plantations 
fuel expansion through timber sales, “At the 
state evel, there are no clear limits on planta- 
tion growth,” says Reza Azmi, director of Wild 
Asia, a company in Kuala Lumpur that is, 
advising plantations in both countries on how 
to limit their environmental footprint, 

RSPO was formed 5 years ago to turn the 
positive environmental record of outfits such 
a United Plantations into a competitive advan 
tage through the certification of “sustainable 
palm oil.” To bolster this effort, a network of 
researchers drew on a wealth of data to assess 
the impact of plantations on biodiversity. 

‘An advanced draft of the document pro- 
vided to Science paints a grim picture. The 
authors, led by Emily Fitzherbert of the Zoo- 


logical Society of London, summarize 
research documenting shifts in biodiversity in 


and around plantations, In Sumatra, for exam- 
pie, lessthan 10% of birds and mammals found 
in primary forests ive in plantations, and more 
than 75% of bat species were lost; in Thailand, 
41 bird species were found in plantations, com- 
pared to 108 species in nearby tropical forests. 
“Plantations need to accept that oil palm is not 
compatible with biodiversity,” says report co- 
author Matthew Strucbig of Queen Mary, Uni- 
versity of London, U.K. “Environmental 
groups and scientists need to work with, not 
against, the industry to help them minimize 
this impact” 

The document delivers a clear bottom 
line to RSPO: “The most immediate and 
important action needed to prevent further 
biodiversity loss is to ensure that oil palm 
expansion does not contribute to deforesta- 
tion.” The report also highlights how pro- 
active management can reduce species 
losses, for example by salvaging native 
stands inside plantations, Wild Asia is work- 
ing with plantations on plans to link frag- 
‘ments into “natural corridors” and set aside 


0 of every 2000 hectares for forest regener 
ation. “Two years ago,” says Azmi, “this dis- 


cussion would never have happene 
RICHARD STONE 
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RESEARCH IN JAPAN 


Big Winners, Big Expectations 


Five groups have been awarded decade-tong grants in a drive to win global attention 


and draw international talent 


TOKYO—Immunologist Shizuo Akira is indis- 
pputably at the top of his field. For 2 years run- 
ning, the Osaka University professor has beer 
Thomson Scientific’s “Hottest Researcher” 
for authoring the most highly cited papers in 
his field. But Osaka has not won recognition 
as a leading world center for immunology 
research; Akira fears the university may even 
be in danger of falling behind. Advancing 
technology “makes it very difficult for a sin- 
gle laboratory” to create an international 
‘buzz, he says: “What's needed is to accumu 
latea research team and get a big grant.” 

He has just gotten a very big grant; Japan 
hhopes the intemational buzz will grow. Akira’s 
center is one of five selected to receive in 
the neighborhood of $12 million per year for 
10 years under a World Premier Intemational 
Research Center Initiative sponsored by 
Japan's Ministry of Education. The grants, 
Which must be supplemented by the host insti- 
tutions, are intended to take the winners to a 
new level of global prominence through gen- 
crous, discretionary funding and support for 
internationalizing research, Akira hopes to 
lure leading Japanese and foreign immunolo- 
gists to Osaka and, in particular, push into the 
nascent field of in vivo imaging of the cell-cell 
interactions that define immune response. 

The grant program is an audacious bet by 
Japan's Ministry of Finance, which is out to 
make at least this handfal of centers as widely 


Host Institution 


New Institute Name 


recognized as the Massachusetts Institute of 
Technology's Media Lab or the U.K. Labo- 
ratory of Molecular Biology in Cambridge. 
a visionary program,” says Matthew 
Mason, director of the Robotics Institute at 
Carnegie Mellon University in Pittsburgh, 
Pennsylvania. Mason was one of six foreign 
scientists on an international panel that 
reviewed 13 short-listed applications. The 
objective was to “pick groups already at the 
peak [of their fictd] and give them support to 
make them globally visible,” says Hiroshi 
Ikukawa, who is heading development of the 
program for the Ministry of Education, 
Tohoku University in Sendai, for example, 
proposed creating an atom-molecule-materials 
center around its Institute for Materials 
Research, which is already one of the world’s 
most prolific material science groups. Yoshi- 
nori Yamamoto, slated to direct the new center, 
says they hope to take their work on bulk glass 
‘materials to anew level by adding theorists and 
computational scientists. The University of 
Tokyo is partly building on the breakthrough 
studies of neutrinos done at its Super- 
Kamiokande Neutrino Observatory with anew 
Institute for the Physics and Mathematics of 
the Universe. Hitoshi Murayama, a theoretical 
physicist at the University of California, 
Berkeley, says they will bring together experi- 
‘mental observations, theory, and new mathe- 
matical approaches “to try to understand such 


Kyoto Insitute for Integrated ‘To understand and control chemical and 
University Cell- Material Sciences physical processes atthe cellular scale 
Tohoku Research Center for Atom, To promote the development of new 
University Molecule, Materials materials, particularly bulk glass 
University Institute fr the Physics and To study basic questions about the origin, 
of Tokyo ‘Mathematics of the Universe composition, and fate of the universe 
Osaka Immunology Frontier ‘To merge imaging and immunology to 
University Research Center study immune cel activity in vivo 
National institute International Center for ‘To study and control materials 

for Materials Science Materials Nanoarchitectonics at the nano scale 


‘New horizons. Findings at the Super-Kamiokande Neu 


trino Observatory at the University of Tokyo (above) 


led to a grant for an international math and physics institute. 
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basic questions ashow the universe started and 
where its going.” 

Global visibility has eluded Japan's univer- 
sities and research institutes for a variety of 
subtle reasons, Norio Nakatsuji, cell biologist 
at Kyoto University who will be heading its 
new Institute for Integrated Cell-Material Sci- 
ences, cites geographical isolation and the lan- 
guage barrier. So the initiative has set a target 
for cach center to have 10% to 20% of its two 
dozen or so principal investigators (Pls) and 
30% of an expected 200 research staffbe non- 
Japanese. And “naturally, English should be 
the language of the centers,” says Nakatsu 

Paul Weiss, a chemist at Pennsylvania 
State University in State College, who will be 
affiliated with the Tohoku center, says, 
“Another [problem] is the hierarchy typical in 
Japanese scientific institutions.” To counter 
this, Weiss says, “We are making a concerted 
effort to encourage creativity and independ 
ence among young scientists.” 

‘And Masakazu Aono, director of the new 
Center for Materials Nanoarchitectonics at 
the National Institute for Materials Science 
in Tsukuba, says that probably because of 
rigid academic structures, “Japanese scien- 
tists have not been good at interdiseiplinary 
collaboration.” His center will bring a ran; 
of specialists together to study nanoscale 
structures to create new types of alloys and 
microelectronic devices as well as organic 
and biological materials, 

Weiss, for one, is envious. “Where can 
‘we ask for resources in the U.S. to go after a 
10-plus-year problem? What mechanism 
lets us put together a team of the top people 
from all over the world?” he asks. 

Sitill some researchers are concerned about 
the depth of commitment. “There is no tenure 
{inthis program},” notes Murayama, who will 
head the new center at the University of Tokyo. 
So how do we make the jobs at this institute 
competitive” with the best permanent jobs 
elsewhere? he asks. And there are questions 
about the involvement ofthe non-Japanese Pls. 
Most, including Weiss, will likely maintain 
their current positions, devoting just a percent- 
age oftheir efforts to the centers. 

Program backers hope the part-time pres- 
ence of leading foreigners plus full-time 
Japanese scientists will attract younger 
researchers of all nationalities on a full-time 
basis. Kyoto’s Nakatsuji says they have plans 
for “superpostdocs.” under which select 
newly minted Ph.D.s could be given the 
money to independently run a small group, 
complete with technicians and graduate stu- 
dents. Osaka’s Akira hopes some of thes 
‘young scientists will become world leaders — 
andstay in Japan. ~DENNIS NORMILE 
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TROPICAL DISEASES 


Hunt for Dengue Vaccine Heats Up 
As the Disease Burden Grows 


As the number of cases reaches an all-time high, new techniques and an influx of 
research funds could mean this long-neglected disease will finally have a vaccine 


For decades, Duane Gubler and other 
arbovirus experts have been warning about a 
looming dengue crisis, But dengue fever, 
transmitted most often by the bite of an 
infected Aedes aegypti mosquito, was often 
scen as an obscure, only occasionally fatal 
disease of tropical countries, and progress 
toward a vaccine and drugs to treat it has 
been slow. 

Now, with cases exploding across South- 
ceast Asia and the disease apparently becoming 
‘more virulent and spreading into new geo- 
‘graphic areas, vaccine research is taking on a 
new urgency, “For 30 years, we've been say- 
ing a dengue vaccine might be available in the 
next 10 years,” says Gubler, dengue expert at 
the University of Hawaii, Manoa, in Hon- 
lulu. “And now, finally, it seems 
\we may be right about that.” Some 
long-running research is finally 
beating fiuit, says Gubler, and as 
dengue captures global attention, 
the pharmaceutical industry is 
‘boosting investment in both tradi- 
tional and novel vaccine t. 
nologies. The Bill and Melinda 
Gates Foundation in Seattle, 
Washington, has chipped in a 
$55 million, S-year grant to set 
the stage for phase III trial 
which will help speed candidate 
vaceines to market. 

A vaccine can’t come a 
moment too soon, On average, 
fewer than 300,000 cases of 
dengue a year were reported to 
the World Health Organization 
(WHO) during the 1980s: since 
2000, that number has exploded 
to 925,000. Because surveillance 
is poor, WHO estimates that the 
true number of dengue cases tops 
50 million annually, including 
about 400,000 cases of dengue 
hemorrhagic fever (DHE), a 
severe and sometimes fatal form 
of the disease. In Southeast Asia, 
dengue is starting to rival malaria 
as akiller of children, and its eco- 
nomic impact is already greater. 
‘The spike in cases is driven by the 
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collision of several trends, chief among them 
rapid urbanization and to some extent 
poverty. The warm, crowded cities of Latin 
America and Asia provide an ideal habitat for 
the main vector, A. aegypti, which breeds in 
stagnant water and likes to feed on humans in 
quick succession, Faced with record-setting 
outbreaks this year in Southeast Asia, WHO 
sounded the alarm on 23 July, calling on 
countries to dramatically step up mosquito 
control—for now, the only means of preve 
tion—and improve patient care. But to date, 
most developing country governments have a 
dismal record of mounting and sustaining 
effective vector-control programs. This 
means, Gubler says, “it's going to continue to 
get worse until we havea vaccine.” 


Rush hour. Periodic dengue 


break 


overwhelm hospitals 


withpat 


tentoutside a Military 
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Aquadruple challenge 
Dengue is caused by four closely related viral 
serotypes—dengue | through dengue 4 
which are single-stranded RNA viruses 
spread primarily by the A. aegypti mosquito. 
The disease in humans ranges from mild to 
mortal. A week or $o after infection, the typi- 
cal patient suffers a rapid onset of fever with 
excruciating joint pain—dengue is called 
“breakbone fever” in some regions—and 
sometimes nausea and skin rashes. About 
1% of cases progress to DHF, with internal 
bleeding that can lead to shock and death, 
although fluid replacement therapy usually 
saves those hospitalized in time. 

Once they recover, patients are immune 
for life, but only to the dengue serotype that 
infected them. For poorly understood rea- 
sons, those subsequently infected with a see 
ond serotype are at far greater risk of pro- 
gressing to DHF, Studies show that more 
than 90% of DHF patients had a previous 
dengue infection. 

‘And the odds of DHF are increasing, The 
four serotypes used to be isolated geographi- 
cally, making second infections rare, But, prob- 
ably because of increased human mobility, now 

all four viruses often circulate in a 
region simultaneously. What's 
more, says John Ehrenberg, a 
WHO adviser on vector-borne 
diseases based in Manila, “the 
virus has changed genetically over 
the past 2 to 3 decades into more 
pathogenic strains." This makes 
first infections more serious and 
second infections even worse, “A 
lot more cases are ending up in 
hospital because of complica- 
tions,” Ehrenberg says. 


A shot in the dark 
Since work began in the 1940s, 
vaccine developers have tripped 
over one stumbling block after 
another. Early on, researchers 
feared that someone vaccinated 
against one type of dengue 
might suffer the immune- 
enhancement response leading, 
to DHF if later infected with a 
different serotype. Avoiding this, 
B) response requires a tetravalent 
vaccine that provides roughly 
equal and lasting protection to 
all four dengue serotypes. But 
decades of research have shown 
that “it is hard to make a 
tetravalent vaccine so [that] 
there is simultaneous immunity 
against all four [viruses],” says 


suddenly 


Shift 


indonesi 


Alan Barrett, a virologist at the University 
of Texas Medical Branch in Galveston. 
Ehrenberg adds that although other viruses 
also have different serotypes, only dengue 
provokes immune enhancement. Work has 
also been stymied by the difficulty of 
growing the virus in culture and by the lack 
of an animal model. Monkeys infected 
with dengue produce antibodies but don’t 
really suffer from disease, limiting their 
experimental value. 

Working separately, researchers at 
Mahidol University in Bangkok and at the 
Walter Reed Army Institute of Research 
(WRAIR) in Silver Spring, Maryland, were 
the first to report in the 1990s significant 
progress toward a tetravalent dengue vac- 
cine, Both groups set their sights on a live 
attenuated vaccine, in which a live virus is 
‘weakened by repeated replication in a cell 
culture. Both groups struggled to find the 
right level of attenuation at which the virus 
is strong enough to trigger an immunogenic 
jonse but weakened enough so that it 
cannot cause illness, Without an animal 
‘model, the researchers had to develop tech- 
niques, such as how the virus affected dif- 
‘erent cell cultures, by which to judge 

attenuation, And they had to develop a dif- 
ferent vaccine for each dengue serotype, 
test it in humans, combine them, and go 
through human trials again. 

By the early 1990s, after more than a 
decade of development, the Mahidol group 
had combined attenuated strains of dengue 1 
2, and 4 intoa vaccine that “got good results’ 
says Sutee Yoksan, a virologist who heads 
Mahidol’s Center for Vaccine Development. 
But when they added their dengue 3 vaccine 
to the cocktail, things went awry. Some vol- 
tunteers got sick from the dengue 3 compo- 
nent, which also interfered with the produc 
tion of antibodies, leaving those inoculated 
with little orno protection against the other 
three serotypes. The vaccine was licensed to 
‘what is now Sanofi Pasteur in Lyon, France, 
‘where researchers tried genetically weaken- 
ing the dengue 3 component. But trials of this 
‘monovalent dengue 3 vaccine in 2002-2003 
still sickened volunteers, and Sanofi Pasteur 
has given up on the vaccine. In Bangkok, 
Yoksan is still screening dengue 3 viruses for 
another attenuation candidate. “If we can 
solve the dengue 3 problem, we will have a 

B good vaccine,” he says—but he won't predict 
how long it might take. 

The group at WRAIR also had trouble 
with its dengue 3 virus but eventually attema- 
2 ated it. GlaxoSmithKline (GSK) has taken 
§ overclinical development ofthe vaccine and 
& hopes to start a phase Il field trial next year. 
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Several thousand 
people in vaccinated 
and control groups 
willbetracked for Ito 


= attenuated vaccine; work halted after phase Il 
2 years to compare clinical trials of a tetravalent vaccine 
rates of infection. 

Bruce Innis, a Walter Reed Army Institute of 


GSK physician and 
virologist who previ- 
ously worked on the 
vaccine at WRAIR, 
says that except for a 
very limited trial in 
the early 1960s, this 
will be the firsttimea 
dengue vaccine will 
be tested for actually 
preventing illness, as 
opposed to simply 
measuring neutraliz~ 
ing antibody produc- 
tion, With most dis~ 
eases, mice or mon- 
keys can be challenged with infection to 
determine the efficacy ofa candidate vaccine, 
but that doesn’t work for dengue. In human 
trials so far, researchers have inferred the 
degree of efficacy by measuring the produc- 
tion of neutralizing antibodies in response to 
vaccination in human volunteers. “But we 
don’t know how much antibody you need to 
have in order to conclude that somicone is pro- 
tected,” says Innis. The GSK field trial will 
provide the first data directly relating anti- 
body production to disease protection. 

Because of the slow progress with live 
attenuated vaccines, researchers have been 
‘working on alternatives. The furthest along is 
a chimeric vaccine that uses a yellow fever 
vaccine virus as a backbone but replaces sev- 
eral key structural genes with dengue coun- 
terparts. The technique was pioneered at 
Saint Louis University in Missouri, further 
developed by the company Acambis in Cam- 
bridge, Massachusetts, and Cambridge, U.K. 
and finally licensed to Sanofi Pasteur, which 
now hasa tetravalent vaccine in phase II clin- 
ical tris in adults and children, 

Researchers say there is merit in both 
approaches. One advantage of chimeric vac- 
cines, says Gubler, is that researchers can 
genetically manipulate them to fine-tune the 
degree of attenuation. A downside, adds 
Innis, is that such recombinant vaccines have 
just a few of the wild-type dengue genes, 
‘whereas the live attenuated vaccines have all 
10 genes for each component, possibly mak- 
ing them more efficacious. “The real ques- 
tion is "What works?" ” says Barrett, who 
expects some answers to come out of the 
ongoing trials. 


phase I! clinical trials 
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‘Mahidol University/Sanofi Pasteur: Live 


Research/GlaxoSmithKline: Live attenuated 
vaccine; tetravalent formulations in phase Il clinical tials 


‘Acambis/Sanofi Pasteur: Live chimeric vaccine with dengue genes 
‘added to an attenuated yellow fever virus; tetravatent formulations in 
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US. National Institute of Allergy and Infectious Diseases: Live 
chimeric vaccine with dengue-1,-2, and -3 genes added to an attenu- 
ated dengue-4 virus; monovalent formulations in phase | andi! rials 


U.S. Naval Medical Research Center: DNA vaccine based on, 
dengue genes; monovalent vaccine for dengue 1 in phase | trials 


‘Hawaii Biotech: Subunit vaccine containing dengue viral proteins; 
‘human trial now being planned 


As these and other candidate dengue vac~ 
cines (see table, above) wend their way 
through early-stage clinical trials, the Pedi- 
atric Dengue Vaccine Initiative (PDV1) in 
Seoul, South Korea, is using the Gates grant to 
ready field sites for the large-scale phase Itt 
trials that will be needed to license a vaccine, 
Even before trials start, baseline data on field 
trial sites are needed. which require laborat 
ries and staffs conducting ongoing survei 
lance of the dengue viruses in circulation and 
collecting epidemiological data such as infec+ 
tion rates. All vaccines face this hurdle, but 
dengue’s is a bit higher because researchers 
must distinguish and track the four dengue 
viruses. PDVI Director Harold Margolis says 
“it will be difficult” to show efficacy against 
all four serotypes with trials at just one site, 
because one virus usually predominates in a 
region. Trials may have to be done at multiple 
sites, although researchers and regulators are 
siill pondering the best approach. PDV1 is also 
‘working on standardizing laboratory diagnos- 
tic protocols and clinical case definitions to 
support clinical trials, 

Gubler, who chairs PDVI's board of coun- 
selors, says, “This saves the manufacturers 
Jot of time and a lot of money fbecause] they 
don’t have to develop these field sites them- 
selves.” He believes this logistical help has 
encouraged smaller firms with novel 
approaches to take up the dengue vaccine 
challenge and thinks it may shave 3 years off 
development time. Now all they need are 
‘some phase III candidates, which Gubler and 
others predict should come along well within 
the next 10 years. 


DENNIS NORMILE 
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Why Do Team-Authored Papers Get Cited More? 


IN THEIR REPORT “THE INCREASING DOMINANCE OF TEAMS IN PRODUCTION OF KNOWL- 
edge” (18 May, p. 1036), S. Wuchty et al. observe that references with multiple authors receive 
‘more citations than solo-authored ones. They conclude that research led by teams has more 
quality than solo-led research, but inappropriate control of confounding (including confound- 
ing by publication type) makes several alternative explanations plausible. The Institute for 
Scientific Information (IS}) Web of Science database includes not only original research but 
also editorials and letters to the editor (1). This kind of scientific literature is both more fre~ 
quently authored by just one or two rescarchersand less frequently cited. Significantly, it would 
also be consistent with the observed relationship between citations and actual team size. 

More importantly, there are several ways a larger group of authors can influence the number 
of citations of their common work, beyond the quality of the paper. We can think of a reference 
by 7 authors as having n times more proponents than a solo-authored one. This would include 
self-citations in other papers (as already observed in the study), citations in other kinds of sci- 
entific literature, and an increased number of research groups being familiar with the article 
Moreover, scientific communication is not limited to journals. The longer the author list is, the 
greater the probability of the paper being presented to several conferences is, especially if the 
team is multidisciplinary. 

Linking organizational features of research with the quality of its output is of utmost impor- 
tan ally provide policy-makers and fund- 
ing bodies with hard evidence for the prioritization of specific 
features of research proposals. We should therefore be 


extremely 


‘Manchester, Manchester M3 9, UK. 


Reference 
4, 181 Web of Knowledge (avalable a tp 2rpotal 
ishrowledge. conv; accessed on 21 Nay 20071 


IN DEMONSTRATING THE INCREASING DOMI- 
¢ of teams in academic and patent pub- 
lishing, Wuchty et al use a circular argument 
regarding scientific progress, defining impact 
as “the number of citations each paper and 
patent receives.” Technically speaking, the 
number of citations reflects popularity, not 
necessarily quality. 

In academic publishing, authors clearly 
copy the citations from other papers (/). The 
resulting frequency dependence in citation 
rate means that citations of a successfull paper 
increase geometrically, with crucial depend- 
ence on initial conditions (2). An effective 
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tious when interpreting this kind of study. 
JOSE M. VALDERAS 
National Primary Care Research Development Center, Univers of 


strategy, therefore, is quite similar to product 
marketing (3): Try to get noticed at the 
ning and then hope the process will take over 
through frequency-dependent copying. 
Co-authoring with a well-known researcher 
clearly helps in this respect (4), but larger 
teams also have an inherent advantage in their 
ability to “seed” the process soon after publi- 
cation through self-citation as well as citation 
by a larger network of colleagues. 

With copying underlying much of popular 
cultural change (5), the real question is, how 


PERSPECTIVES 


does number of citations relate to quality? One 
of the studies that Wuchty er al. cite even 
reports that “citations are not a reliable indica- 
tor of scientific contribution at the level of the 
individual article” (6). With pop music, for 
example, the opportunity to view (and copy) 
other people's choices leads to drift inthe most 
downloaded songs (7), such that popularity 
and quality become decoupled. How can we 
assume academic citation is so different? 

R. ALEXANDER BENTLEY 


Department of Anthropology, Durham University, Durham 
Hi 3HN, UK 
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WUCHTY ETAL, FOUND THAT FROM 1955 TO 
2000, the relative citation rate for publications 
‘with multiple authors increased across a broad 
range of academic disciplines. The Relative 
Team Impact (RTI) citation statistics pre- 
sented in their Fig. 2, however, seem to 
be for entire teams. Dividing by mean 
team size shows thatrelative perc 
citation rate for teams fell by ove 
third over this 45-year period, com- 
pared to solo authors, for science and 
social science. The only exception is 
arts and humanities, where teams are 
rare in any case. If citation rates meas 
ure performance, then on average, 
researchers still perform better when 
they work alone, The main payoff from join- 
ing a team is increased odds of a very heavily 
cited publication, RALF BUCKLEY 


‘Schodl of Environment, Griffith University, Gold Coast, Qld 
9726, Rustralia 


WUCHTY ETAL. EXAMINE THE GROWTH OF 
collaborative research in a variety of scientific 
fields and how it has affected the quality of 
research. They found that research produced 
collaboratively is of a higher quality, as meas- 
ured by citations, than research reported in 


www-sciencemag.org 


Deciphering 
‘microbial act 


single-author articles. They argue that although 

‘the increasing capital intensity of research 
may have been a key force in laboratory sci 
‘ences where the growth in teamwork has been 
itis unlikely to explain similar pat- 
tems in mathematics, economics, and sociol- 
ogy, where we found that growth rates in team 
size have been nearly as large” (p, 1038). offer 
an explanation for the inerease in collaborative 
ses (J). argue that 
we are seeing more collaborative work in the 


research in the social scie 


social sciences because there are selection pres- 
sures on those who do not collaborate. Given 
that collaborative re rally of a 
higher quality, and 
profoundly affected by the quality of one’s 


ch is g 


1 in the sciences are 


research, scientists who are not prepared to col- 
laborate are becoming a smaller portion of the 
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population of researchers, even in the social 
sciences. Those who are unwilling or unable to 
collaborate are being weeded out at a higher 
te than those willing and able to collaborate. 
K.BRAD WRAY 


hy, State University of New York, 
26, USA 


Department of Philos 
(Oswego, Osmego, NY 2 
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BUILDING ON OUR FINDINGS THAT (1) SCIENCE 
has made an 
work and (ii hi 
frequently produced by 
authors, the Letter writers raise questions 


ily universal shift toward team- 
ly cited research is now mot 


ams rather than solo 


din 


mechanisms and interpretations. 


‘One question is whether citation rates 
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reflect a paper's quality. Valderas and Bentley 
suggest that team-authored papers receive 
more citations than solo-authored papers 
because of a team advantage for self 
promotion. Although citations gained are likely 
a function of both a paper’ scientific contribu- 
tion and marketing, several reasons suggest that 
self-promotion modestly affects citation rates 
on balance. 

First, our paper presented analysis with self 
citations included and with self-citations 
removed (always excluding the editorials and 
letters to the editor that concern Valderas), The 


when self 
excluded, suggesting that the team cit 
advantage holds even without self-promotion, 


results change 


ations are 


Second, a self-promotion argument does not 
explain the team citation advantage for patents, 
‘where citation decisions are primarily made by 
disinterested third-party experts (1). Third, we 
find thatthe tes jon adva 
authored papers is growing over time for teams 
elf promotion angu- 
ment suggests a static team advantage, not an 
increasing one, Finally, Bentley cites Salganik 


nia 


of any fixed size, yer 


et al. (2)as evidence that 
nalogy, weak papers) can be turned into a hit 


bad” songs (i.e, by 


Discover your Biomarker 


CUSTOM & PRE-DEFINED ARRAYS MErrrrore DISCOVERY ARRAYS 


Profile patient samples systematically 
for antibody signatures in 

+ Infectious diseases 

+ Allergies & autoimmune diseases 
+ Cancer and any known proteome 
Accelerate developing vaccines 


Access now: 
Complete proteome-spanning 
peptide arrays 


Fast & highly flexible _ 


| LETTERS 


1498 


through false buzz about the song. a process 
that could be created in scientific circles 
through self-promotion. However, Salganik et 
al, (2) demonstrate that this effect works only 
‘ona song-by-song basis. When average effects 
‘are examined, average popularity and average 
quality are highly correlated. Our measures of 
average citations taken over large numbers of 
papers would then appear to be a reasonable 
‘measure of scientific influence. 

More generally, we avoided the term 
“quality” and used the broader constructs of 
“impact” and “influence” to construe the 
meaning ofa paper's citation rate, A paper that 
is high “quality” by some standard (functional 
contribution, breadth of application, timeless- 
ness, elegance, etc.) will typically have little 
impact if itis not cited. 

‘Our analysis focuses on impact atthe paper 
level. Buckley is interested in the impact of 
individual authors. Heattemptsto infer individ- 
ut! impact from our paper-level analysis, but 
this inference is not possible without knowl 
cadge of the amount of time each author con- 
tributes per paper, His implicit assumption is, 
that a paper with N’ authors requires \V times as 
much collective effortasa solo-authored paper. 


A more unexceptionable assumption may be 
that multi-authored papers require less effort 
per person, which would explain the prevalent 
observation that people who tend to write in 
teams tend to write more papers. With higher 
rates of publication, team authorship may be 
associated not just with more citations, but 
more citations per unit of author's time. 
Nevertheless, assessment ofthe impact of indi- 
vidual authors requires data om time inputs, an 
important direction for future work. 

Wray provides a possible interpretation for 
why scientists work in teams, As we noted in 
our paper, there are many possible mechanisms 
behind the universal structural shift toward 
teams in science, and we look forward to future 
work that assesses and disentangles potential 
causes. 

‘STEFAN WUCHTY," 

BENJAMIN F. JONES, BRIAN UZZI'> 

‘Worthwestem institute on Complexity (NICO), North- 
‘western Univesity, Evanston, tk 60208, USA. *eliogg 


School of Management, Northwestern University, Evanston, 
1.60208, USA. 


References 
Alacer M. Gelman, Rex. con. Stat. 88,774 (2006) 


1}. 
2, M.}, Salganie etal, Science 332, 854 (2000, 


Coral Reefs Still in Danger 
from Tourism Head 


‘ASA DIVER SINCE 1985 WITH OVER 500 DIVE 
hours logged on tropical reefs and now a coral 
reef conservationist working directly with the 
marine tourism sector, | have to wonder if 
Norman Karin is talking about the same dive 
‘community I know (“A diver’s perspective on 
coral damage,” Letters, 13 July, p. 196). 

I'm not about to pretend that recreational 
use and overuse ranks with climate change, 
‘coastal development, and unsustainable and 
destructive fishing practices as the most sig- 
nificant global threats to coral health. And I've 
had the honor to dive with stellar dive busi- 
nesses who are ambassadors for sustainability, 
But to suggest that the dive community as 
a whole has had some sort of collective 
epiphany around sustainable behavior and 
best practices is just uninformed. 

According to a 2002 report (1), marine 
tourism is a major factor contributing to reef 
decline at no-take Marine Protected Areas 
(MPAs) in Hawaii, In 2003, between 28,000 
and 100,000 people per year visited just four 
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sites, with diving and snorkeling being the 
‘most popular marine recreation activity (2). 
‘Tourism numbers have increased steadily over 
the years. In 1999, tiny Honolua Bay on Maui 
averaged 250 tourists per day and up to 700 
per day during peak season (3). This volume 
has certainly increased. Research also shows 
that 45% of certified SCUBA divers who visit 
dive sites break coral colonics. Most of this 
damage appears to be from fin kicks (4). 
Finally, Karin points to Bonaire Marine 
Park as evidence of diver awareness. I agree 
that Bonaire is spectacular and a mode! that 
should be emulated and exported worldwide. 
But to hold up the well-funded, relatively afflu- 
ent, politically stable, and uncorrupt Nether- 
lands Antilles as somehow representative of 
most coral reef destinations and MPA systems 
is disingenuous. Most MPAs are not reaching 
their conservation goals. Crushing poverty and 
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Colorectal Cancers” 


William F. Forrest and Guy Cavet 


Silom et ol (Research Ail, 13 Octobes 2006, p. 268) 
used data from cancer genome resequencing to identify 
‘genes with elevated mutation rates. Ther analysis used 
point probabilities mhen it should have used P values fr 
the hypotheses they intended to test. Reimplementing 
theie analysis method with exact P values results in far 
fewer genes with mutation rates that achieve statistical 
significance 
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Comment on “The Consensus Coding 
Sequences of Human Breast and 
Colorectal Cancers” 


Gad Getz, Holger Hafling, Jill P. Mesirov, 
‘Todd R. Golub, Matthew Meyerson, 
Robert Tibshirani, Eric S. Lander 


Slam et ol Research Article, 13 October 2006, p. 268) 
reported neatly 200 novel cancer genessaidtohavea 92% 
probability of being involved in colon or breast cancer. 
Howeve their analysis raises to statistical concems. When 
these concems are addressed, fen genes with sonfcantly 
‘elevated mutation ates remain. Although the biological 
methodology in Siblom et al x sound, more samples are 
needed to achieve sufficient power. 
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Comment on “The Consensus Coding 
Sequences of Human Breast and 
Colorectal Cancers” 

‘Alan F Rubin and Phil Green 


Siblom et al Research Article, 13 October 2006, p. 268) 
reported many new genes with an apparent significant 


competing resource use often derail the best 
conservation efforts. Denial orspecial pleading 
to displace tourism’s contribution and responsi= 
bility certainly doesn't help. 

RICK MACPHERSON 


Program Director, Coral Reef Aliance (CORAD, 417 Mont- 
‘gomery Street, Suite 205, San Francisco, CA 94104, USA 
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EVOLUTION 


Putting the Pieces Together 


Alan C. Love 
he completion of a jic- 
T= puzzle brings tre- E 
mendous satisfaction; 

however, a few missing pieces 
lead to considerable frustration 
Having the intended picture of a 
puzzle on the container con- 
tributes to the satisfaction (or 
the frustration). But what about 
puzzle where there is no mas- 
ter picture to guide the recon- 
struction? How do you know if 
you have all the pieces? And what if the con- 
tours of some pieves are unclear, making it df= 
ficult to see how they fit together? Suc is the 


\ 
< 


New view. Tiktaalik roseae (center), 
from the Devonian of the Canadian 
Acti, isa transitional species 
between lobe-finned fish (lower 
right) and tetrapods (upper lef). 


lot of biologists attempting to explain key evo- 
futionary transitions in the history of life 

Fins into Limbs is an exploration of a long- 
standing evolutionary puzzle associated with 
the origin of tetrapods and the vertebrate inva- 
sion of land, Brian Hall has assembled a stel- 
lar array of contributors from various fields 


The reviewer isin the Department of Philosophy, Univesity 
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that represent the pieces neces- 
sary fora solution. The volume 
is handsomely executed and 
also timely. It collectsa diverse 
body of recent research on fins 
and limbs emerging from 
evolutionary developmental 
biology (evo-devo), functional 
morphology, and paleontol- 
ogy, all of which have trans 
formed our conception of what 
the fin-limb transition looked 
like, Instead of a lobe-finned fish hauling 
itself up onto the sand, we have a much differ- 
ent image of the evolutionary transformation 


imbs 


Limb 


(2), Recent papers that could not be incorpo- 
rated in the volume have revealed new transi- 
tional fossils (2) and continued to augment 
our understanding of the molecular genetic 
mechanisms of limb development (3). 

The volume’s first part, Evolution, provides 
historical background on the fin-to-limb puzzle 
and paired appendage locomotion, as well 
as a phylogenetic context informed by pale- 
ontology. The origin of the autopodium (hand! 
foot)—encapsulated in Hall’s pithy slogan 


ins minus fin rays plus digits equal limb: 
is analyzed from an evo-devo perspective. In 
the second part, Development, an overview of 
fin and limb ontogeny is followed by treat- 
ments of chondrogenesis, osteogenesis, apop- 
tosis, joint formation, postnatal growth, and 
regeneration. The third part, Transformation, 
addresses the subsequent fate of tetrapod limbs, 
including the appendicular skeleton of amphib- 
ians, digit and limb reduction in reptilians, 
mammalian limb diversity, and skeletal adap- 
tations for flight, digging, and swimming, 
These later chapters are not pieces of the pu 

ale themselves as much as investigations of 
‘other evolutionary transitions of tetrapod 
appendages relevant to understanding how the 
different picces fit together when explaining, 
the origin of innovations. 

Although the lengths of the contributions 
vary substantially, the more interesting varia- 
tion lies inthe styles they exhibit: anatomical, 
functional morphological, and molecular 
genetic. Very few chapters bring these consid- 
erations together, andeventhe contrast among 
cognate entries is striking. Chondrogenesis 
and osteogenesis in fins are treated in terms of 
histology, whereas the entry on limbs grants 
Priority to molecular genetics. The influence 
of model organisms (zebrafish, chicken, and 
mouse), chosen for different scientific puzzles 
(such as isolating key processes underlying 
how an organism develops from embryo to 
adult), is also apparent. My favorite was the 
last chapter, by Matthew Vickaryous and 
Wendy Olson, on the curiosity of sesamoids 
and ossicles in the appendicular skeleton, The 
‘combination of a topic nearly untouched by 
‘other contributors and an explicit blending of 
the different styles makes ita gem 

Specialists will no doubt question particu- 
Jar interpretations within individual chapters, 
but the book’s significance lies in the ov 
arching outlook on the fins-into-limbs puzzle, 
Attacking the thomy empirical and concep- 
tual questions that compose this problem 
requires multiple disciplinary approaches, 
‘each with specialized concepts and methods. 
Sometimes this introduces potential commu 
nication difficulties (e.g., the developmental 
“mesomere” of vertebrate mesoderm and 
anatomical “mesomeres” in pectoral fins), 
and the substantial differences in terminology 
are on full display. But do we have all the 
disciplinary pieces to the puzzle? The volume 
lacks discussions from evolutionary genetics 
and (paleo)ecology, which encourages a com- 
plaint that evolution plays second fiddle to 
‘comparative development in it, Some might 
disagree with claims about the evolutionary 
process, such as patterns of genetic regulatory 
‘elements pointing “to changes in a region- 
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specific regulatory sequence as being the 
mechanism for evolutionary change.” As the 
editor acknowledges, this book is focused on 
skeletal elements, which is his area of exper- 
tise (4). Thus, musculature, innervation, vascu- 
lature, and other features are relegated to the 
background, although some of these missing 
pieces can be found elsewhere (5). 

Knowing how the pieces fit together is a 
‘more difficult question. The contributors make 
tte effort to integrate the research from dif- 
ferent approaches. One author notes that “the 
challenge is to continually synthesize know!- 
«edge gained from multiple perspectives into an 
ever more refined understanding.” In some 


and at other points, there is inadvertent stum- 
bling over borrowed concepts. (An exception 
is Gunter Wagner and Hans Larsson’s discus- 
sion of evolutionary novelties, with its explicit 
fusion of anatomy, phylogeny, development, 
and evolution.) But this is not the fault of the 
editor or contributors. It is symptomatic of the 
complex structure of biological knowledge. 
Multidisciplinary research on evolutionary 
problems may be essential, but the nature ofits 
composition and functioning remains clusive. 

Fins into Limbs serves as a necessary ref- 
erence and a worthy guide to future research 
on this and other evolutionary transitions. It 
tells us what we know, what we don’t know, 


BOOKS cra | 


points us in the direction of which pieces are 
required to solve the puzzle and reminds us 
of the pressing need to figure out how they 
all fit together. 
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cases, this synthesizing is studiously avoided, 


THE GONZO SCIENTIST 


A Summer Camp for Grown-Ups 


WHEN | WAS 11 YEARS OLD, | went to summer camp for geeks. The goal 
‘was to leam how to program computers, but more importantly, | discov 
ered a new world of like-minded people. So | was thrilled to learn that 
such summer camps aren’t just for kids any- 
more, From the TED conference and the 
‘Aspen Ideas Festival tothe Google Science 
Foo Camp, there are now more grown-up 
summer camps than you can shake a marsh- 
mallow on a stick at. This summer, Science 
sent me to investigate one of these: ideaCity in Toronto, Canada. 
The event mostly focused on how scientific ideas can make the world 
a better place, The list of 50 speakers reads like a Who's Who of science, 
technology, and the arts, They included David Schurig, 
the Duke University physicist who co-invented an 


% nan invisibility cloak last year; John Polanyi, Nobel 
\,__ laa and cerca kinetics poner Fras 

iN ot de Waal, the Emory University ethologist who 
'-\ L is uncovering the biological roots of moral- 

ity; Etienne Baulieu, the inventor of the 

ia \Y morning-after pill; and even Brian Shuster, 


CEO of redlightcenter.com—an online uni- 
verse similar to Second Life but with cybersex 
and virtual drugs. With such a diversity of 
thinkers (not all academics) on the podium and in the audience, there 
‘were plenty of productive, even amusing, interactions—and some sharp 
disagreements. 
During one session, | witnessed the verbal equivalent of a profes- 
sional wresting match between Richard Dawkins and the celebrity rabbi 
Shmuley Boteach. Dawkins stepped into the ring first. The 
wily Oxford professor of popular science may be 66 
years old, but he can handle himself in a fight. 
He's lean, fast on his feet, and he wears sitky 
suits that are hard to grip. His opening was by 
i the book, first maneuvering to put the fight 

on his own terms. Scientific arguments will 
§ get you nowhere in a God rumble unless you 
5 can establish that science has something to 
Bp _seyaboutretiious matters. Along and dicing 
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and what we'd really like to know. Thus it 
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| 

© MTBD minitecture on the anthropic principle did 
the job. Then, to get at the throat, he made | 

a big flying leap: Scientific laws as we 
fe understand them should apply to God. And | 
Sy then came Dawkins's surprise | 


attack: To have created the 

Earth, let olone the uni- 

verse, God must be a 

vastly more intelligent 

and complex being 

than we are, Qur own 4 
excellence in design 

is already the vastly improbable result of natural 

selection. Ergo, by the laws of probability, God 

‘almost certainly doesn’t exist. 

‘bearded man swaggered onstage and the game was on. Rabbi 
‘Shmutey deployed a fighting style perfected by "Rowdy" Roddy Piper, the 
Canadian kilt-wearing wrestler During Piper's tegendary feuds with Hulk 
Hogan and MrT, he famously exclaimed, “Just when they think they got 
answers, | change the questions!” And that's just what the rabbi did. His 
‘opening was actually a double attack, starting with a classic Piper eye~ 
poke: Dawkins says that he has a problem with religion because it’s not 
true. He ives in England where they have a queen, but he hasn't attacked 
the royal family Is it true that some people are born more special than 
‘others? Then, taking advantage of the momentary distraction created by 
this dubious statement, the rabbi followed with a savage foot stomp: 
Dawkins is married, so presumably he believes in the institution of mar- 
riage. But is marriage a true institution? According to evolution, love isa 
trick played on the mind to ensure that you have sex and propagate the 
species. Dawkins says he doesn’t believe in love, And mast evolutionary 
biologists don’t ther. There was a ot more on both sides. 

Of course, the real show is always afterward, when the fight spills out 
of the ring. 

JOHN BOHANWON 

To find out more and follow our intrepid reporter into a jungle of 

space tourism, eco-warriors, robots, pandemics, and even belly 
dancing, we invite you to tum to the first installment of the Gonzo 
Scientist, an approximately monthly adventure chronicled at | 
www sciencemag.orgicgi/content/full317/5844/1495b, 
IO L26scene 1249843 
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CLIMATE CHANGE 


The Limits of Consensus 


Michael Oppenheimer,2* Brian C. O'Neill, Mort Webster Shardul Agrawala's 


he Intergovernmental Panel on Cli: 
[ mate Change (IPCC) has just deliv- 
ered its Fourth Assessment Report 
(ARA) since 1990, The IPCC was a bold 
innovation when it was established, and 
its accomplishments are singular (1, 2). It 
was the conclusion in the IPCC First 
Assessment Report that the world is likely 
rate of increase of global mean 
temperature during the next century 
is greater than seen over the past 10,000 
years” (3) that proved influential in eatalyz~ 
ing the negotiation of the United Nations 
Framework Convention on Climate Change, 
The conclusions of the Second Assessment 
with regard to the human influence on 
climate (4) marked a paradigm shift in the 
policy debate that contributed to the negoti 
ation of the Kyoto Protocol. IPCC conclu- 
sions from the Third, and now the Fourth, 
assessments have further solidified consen- 
sus behind the role of humans in changing 
the earth’s cl 

The emphasis on consensus in IPCC 
reports, however, has put the spotlight on 
expected outcomes, which then become 
anchored via numerical estimates in the 
minds of policy-makers, With the general 
credibility of the science of climate change 
established, itis now equally important that 
policy-makers understand the more extreme 
possibilities that consensus may exclude or 
downplay (5). 

For example, the Working Group 1 
(WGI) “Summary for Policymakers” (SPM) 
of AR4 anticipates a rise in sea level of 
between 18 and 59 em by the year 2100 (6), 
sed range” composed largely of 
thermal expansion of oceans, melting of 
nonpolar glaciers, and the gradual response 
of ice sheets. The range does not include the 
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potential for increasing contributions from 
rapid dynamic processes in the Greenland 
and West Antarctic ice sheets (WAIS), 
which have already had a significant effect 
onsea level over the past 15 years and could 
eventually raise sea level by many meters 
Lacking such processes, models cannot 
fully explain observations of recent sea- 
evel rise, and accordingly, projections 
based on such models 
state potential future increases. Although 
the AR4 SPM recognizes the possibility of a 


Not captured by ice-sheet models. (Top) The Larsen 
B ice shelf along the Antarctic Peninsula on 31 
January 2002. (Bottom) A large section has disinte 
‘grated, 5 March 2002. Glaciers behind the collapsed 
‘ection ofthe ice shelf subsequently accelerated their 
discharge into the ocean, apparently because of the 
loss of buttressing by the ce shelf. Neither rapid col- 
lapse nor buttressing are captured by ice-sheet mod- 
cls, and both could substantially affect the rate of 
future sea-level rise as larger ice shelves to the south, 
in West Antarctica warm (26). 
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The establishment of consensus by the IPCC is 
no longer as critical to governments asa full 
exploration of uncertainty. 


larger ice-sheet contribution, its main 
quantitative results indicate the opposite 
Uncertainty in sea-level rise is smaller, and 
its upper bound is lower, for the 21st cen- 
tury than was indicated in the Third As- 
sessment Report (7). On the related ques- 
tion of sea-level rise beyond the 2Ist cen- 
tury, whereas the Third Assessment’s SPM 
provided a numerical estimate of a poten- 
tial contribution from WAIS, the AR4 WGI 
SPM doesn’t mention WAIS at all. This 
omission presumably reflects. lack of con- 
sensus arising from the inadequacy of ice- 
models for WAIS made so apparent 
by recent observations. 

Nevertheless, alternatives to model-based 
approaches, such as empirical analysis and 
expert elicitation, were available for explor- 
ing uncertainty in 2st-century (8) and long 
term sea-level rise (9), respectively, Such 
information certainly would have been 
useful to policy-makers, particularly for 
WAIS, which contains enough ice to raise 
sea level by about $m. 
etting aside or minimizing the impor- 
tance of key structural uncertainties in 
underlying processes is a frequent outcome 
of the drive for consensus (5, 10), For exam 
ple, ranges of projected warming and atmo- 
spheric composition in AR4 include an 
amplifying effect of interactions between 
climate and the carbon cycle. However, the 
estimated uncertainty in this effect is based 
largely on models that omit a number of 
poorly understood processes (//), such 
as feedbacks on carbon contained in perma- 
frost; changes in marine ecosystem struc: 
ture; and responses to land-use history, 
nutrient limitation, and air-pollution effects. 
These models also share similar assump- 
tions about the temperature sensi 
carbon fluxes from soils based on experi- 
mental results that cannot be reliably scaled 
to the ecosystem level (/2), A fuller ac- 


shei 


counting of uncertainty would be more 
appropriate. 

Similarly, the narrowing of uncertainty 
(relative to previous assessments) associated 
with potential changes in the meridional 
overturning circulation relies on agreement 
across models, but the structural uncertainty 
in all the models means that less may 
be known than suggested by the numerical 
estimates (/3). 
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Like models of physical processes, con- 
clusions drawn on the basis of socioeconomic 
models may also be subject to premature con- 
sensus. Estimates of the costs of mitigating 
emissions come primarily from models that 
‘omit endogenous technical change, a poorly 
understood process. This omission could 
cause a significant bias, not only in mitiga- 
tion costs, but also in the stringency of near- 
term mitigation that may be justified for a 
riven damage function or stabilization tar- 
get (4-16), Similarly, the conventional use 
of the range of emissions described by the 
IPCC Special Report on Emissions Scenarios 
(SRES) marker scenarios as a key determi- 
nant of uncertainty in projecting climate 
change, sea-level rise, impacts, and mitiga- 
tion costs may be misguided. The SRES see- 
narios were intended to be representative of 
scenarios available in the literature at the 
time they were produced, with no explicit 
goal of spanning the full range of uncer- 
tainty, The SRES assessment made no 
attempt to judge whether emissions path- 
‘ways outside the range it covers could plausi- 
bly occur. In fact, pathways outside that 
range were known at the time, and more 
have been developed since the publication 
of SRES (17). 

‘To be sure, the underlying IPCC chapters 
do detail the limitations and uncertainties 
associated with such conclusions. But the 
caveats are often cryptic or lost entirely in the 
highly influential SPMs. This inevitably leads 
to an anchoring by both policy-makers and 
scientists around any numerical estimates 
that are reported in these summaries, 

Ignoring the implications of structural 
uncertainty in models of key aspects of the 
climate system is reminiscent of the way 
assessments treated the uncertainty in ozone 
photochemical models. Projections of ozone 
depletion were made from 1974 onward 
based on improved understanding of gas- 
phase chemistry (/8). Knowledge of strato- 
spheric chemistry was then transformed by 
the report in 1985 of large, seasonal Antarctic 
depletion (the “ozone hole”); the validation in 
1987 ofits origin in halogen photochemistry: 
‘and subsequent identification of depletion at 
the mid-latitudes and in the Aretic (19, 20). 
Various heterogeneous chemical reactions, 
discounted by most researchers years before 
and absent from nearly all model simulations 
(21), were shown to be the missing photo- 
chemical processes required to explain 
observed depletion. Their potential implica- 
tions were of concern to some scientists (22), 
but this structural uncertainty was generally 
downplayed in assessments until the ozone 
hole was reported. 
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Avoiding Premature Consensus 
The IPCC has made progress over four 
assessment cycles in its treatment of uncer- 
tainties. However, this progress is limited and 
uneven across its Working Groups. Several 
additional modifications to the current prac- 
tice could reduce the risk of ignoring or 
underemphasizing critical uncertainties. 

First, given the anchoring that inevitably 
occurs around numerical values, the basis 
for quantitative uncertainty estimates pro- 
vided must be broadened to give observa- 
tional, paleoclimatic, or theoretical evi- 
dence of poorly understood phenomena 
comparable weight with evidence from 
numerical modeling. In areas in which 
modeling evidence is sparse or lacking, 
IPCC sometimes provides no uncertainty 
estimate at all. In other areas, models are 
used that have quantitatively similar struc- 
tures, leading to artificially high confidence 
in projections (e-g., in the sea-level, ocean- 
circulation, and carbon-cycle examples 
above). One possible improvement would 
be for the IPCC to fully include judgments 
from expert elicitations (23), as Working 
Group II has sometimes done. Beyond this, 
increased transparency, including a thor- 
ough narrative report on the range of views 
expressed by panel members, emphasizing 
areas of disagreement that arose during the 
assessment, would provide a more robust 
evaluation of risk (24). It would be critical 
to include this information not only in the 
chapters, but in the summaries for policy- 
makers as well. 

‘Second, IPCC should revise its procedure 
for expert review to guard against overconfi- 
dence. External reviewers should ferret out 
differences between chapters or author sub- 
groups, and a special team of authors could be 
instructed to examine the treatment of unlikely 
but plausible processes, perhaps in a separate 
chapter. Integration of risk assessment across 
‘Working Groups in advance of drafting of the 
Synthesis Report would highlight internal dis- 
cussions and disagreements. At the end of an 
assessment cycle, a small external team of 
ombudsmen should review key problematic 
issues (of a scientific nature) that may have 
emerged from the report and should recom- 
mend modifications of approaches for han- 
dling these areas in subsequent reports. 

Third, IPCC could also formalize a 
process of continuous review of its structure 
and procedures. A usefit! example is pro- 
vided by the history of IPCC emissions sce- 
nario development, which included a series 
of reviews for production of the SA90, IS92, 
and SRES scenarios (25). 

Fourth, and perhaps most important, 


national governments now need to confront a 
‘more fundamental question of how often they 
need comprehensive assessments of climate 
‘change. Addressing the special risks entailed in 
particular aspects of the climate system, like 
the ice sheets or carbon cycle, might be better 
approached by increasing the number of con- 
cise, highly focused special reports that can be 
‘completed relatively quickly by smaller groups, 
ppethaps even by competing teams of experts. 
At this juncture, full assessments emphasizing 
‘consensus, which are a major drain on partici 
‘pants and a deflection from research, may not 
bbe needled more than ance per decade, 


References and Notes 
5 Agranala, Clim, Change 39, 621 (1998). 

Ni, Orestes. Science 306, 1686 (2008), 

JRC, Summary for policymakers, in Scientific Assessment 
of Cimate Change: Report of Working Group 1 IPCC 
Secretariat, Geieva, 1990) 

‘4 IPCC Summary for policymakers, in Climate Change 
41995: The cence Chmate Change WPCC Secretar, 
Geneva, 1995), 

5. AG Pat Risk Deis Policy 4, 1 (1999). 

{6 IPCC Summary for plcymakers, in Climate Change 
2007: The Phys Science Basi Contribution of 
‘Working Gioup othe Fourth Assessment Report ofthe 
Intergovermertal Pane on Cimate Change, Solomon 
tal, ds, (Cambridge Univ. ress, New York, 2007) 

7. JCC. Summary for poiymakes, in Climate Change 
2001; Te Physica Science Basis, 1.1, oughien eta, 
as, (Cambridge Unix Press, Cambridge, 2000, 

1 5 fahmstor, Science 315,368 2007) 

9, 0.6. Vaughan... Spouge, Clin. Change 52,65 (2002), 

10, M. Oppenheimer, 8. C. ONel, M. Webste, paper pre- 
Soted at the Conterence on Learning and Climate 

Change, ternational stitute lor Applied Systems 

Aoalss, axenbus, Aus, 10 Apel 2006, 

°Fibedingsten et ol, Clim. 19,3337 (2006. 

12, } Mh. Mello eal, Science 298, 2173 (2002) 

13, K Ziel ef a, Clim. Charge 82, 235 (2007), 

14 CH. Goulet, 5H Sehneier,Resour Energy Econ. 22, 
2110999), 

15, E Bake, Retour: Energy Econ 27, 19 (2008) 
AR Garlagh, 8. van der Znoan, Resour Enesgy Econ. 25, 

35 (2008, 

17, M Webster eta, Atmos Enon 36,3659 2002), 
Parson, Protecting the Ozone Layer: Scence and 

_Svategy (Oster Univ, rss, New Yer, 2003). 

19, World Nateerlagkal Organization, Report of the 
Intervational Otone Herds Panel-—1968 (Report 18, 

‘Global Ozone Research and Monitoring Project, orld 

Meteotcogial Organization, Geneva, 1988). 

World Meeorslogial Organization, Scenic Assessment 

1 Gzone Depletion —1991 (Report 25, Global Oxone 

Research an Monitoring Project World Meteological 

Organization, Geneva, 1990 

Wald teaeotclogial Organization, Aspheric one 

41985 Gepot 16, Global Ozone Reseach and Mentoring 

Ped, World Mateoroagal Organization, Gene, 1986), 

22S. Rowland, Am, Sc 7,36 989). 

23. G Morgan, ML Henson, Uncertainty: A Guide Dealing 
sith Uncertainty in Quantitative Rsk and Policy Anais, 

(Cambridge Unie Press, Cambridge, 1990). 

‘A Patt, Gla. Environ, Change 17,37 (2007) 

25, The SAO scenarios wee published in the IPCC Fst 
Assessment Report. The 1592 senatos were published in 
‘he 1992 Supplementary Report tothe IPCC Asessmen, 

26. LScambos,) Bohlande, 8 Rup, comps, Images of 
Aotarcticce selves [2001 updated 2002, National 
‘Som and Ice Dat Center, Bouds, CO, 


20. 


a 


10.1126/cence 1144831 


www sciencemag.org 


PECTIVE 


IMMUNOLOGY 


Square-Dancing Antibodies 


Dennis R. Burton and lan A. Wilson 


ntibodies are among nature’s most 
Awe molecules. The classic 
LY-shaped molecules can recognize 
essentially any antigen by the variable tips of 
the Fab (fragment antigen binding) arms, 
whereas the Fe (fragment erystallizable) stem 
recognizes effector molecules that help etimi- 
nate antigen (see the figure). The two Fab 
‘arms are identical, allowing antibodies to bind 
bivalently to repeating antigens on, for exam- 
ple, microbial pathogens or tumor cells. This 
‘arrangement enhances the affin- 
ity of antibody for antigen and 
allows antibodies to cross-link 
‘antigen molecules under certain 
conditions. Identity of the Fab 
arms is expected because an anti- 
body is a tetramer of two identi- 
cal dimers, However, on page 
1554 in this issue (1), van der 
Neut Kolfschoten ef al, show that one type 
of antibody can exchange dimer partners, 
generating a hybrid antibody that contains 
‘two different Fab arms, Although this newly 
formed antibody can only bind monova- 
ently, even to a repeating antigen, it is capa- 
ble of cross-linking two different antigens. 
The consequences of such hybrid antibody 
formation are very interesting, but with some 
potentially serious ramifications. 
Theantibody molecule that exchanges Fab 
arms is human immunoglobulin G4 (IgG4). 
3, the predominant antibody in the serum, 
\sists of four subclasses in humans. The 
least abundant subclass is IG, which is pres- 
ent in serum at a concentration of about 0.1 to 
0.5 mg/ml (2). The IgG subclasses differ most 
in their Fc regions, and lgG4 notably hasan Fe 
that interacts poorly with effector systems of 
the immune response, such as complement 
and Fe receptors expressed by certain white 
blood cells. This property has made IgG4 a 
favorite for therapeutic applications in which 
antibody is required to bind to a target, but not 
trigaer effector activities. 
Previously, it was noted that sera from 
donors making IgG4 antibodies to both house 
ddust mite and grass pollen can cross-link these 
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two antigens, whereas sera from donors that 
make antibodies to one antigen alone cannot 
(3). Further, whereasmost IgG molecules pre- 
cipitate antigens when mixed in the right pro- 
portions, IgG4 antibodies do not (4). Some 
interesting hypotheses (5) were advanced to 
interpret these data, but this new study con- 
vincingly explains the behavior of IgG. In 
particular, addition of a reducing agent, such 
asreduced glutathione, promotes exchange of 
Fab arms in vitro for both polyclonal and 
monoclonal 
IgG antibodies 
and, important- 
Iy thisexchange 


‘occurs in vivo. 


Antibody structure 


1964 if 
woe 57 


i 
vy ¥ 


Antibody therapies need to take account of a 
subclass of immunoglobulin G that can swap, 
subunits in vivo. 


How then does this exchange of Fab arms 
occur between IgG molecules? Dimerization 
‘of IgG heavy chains is thought to be driven by 
the pairing of the third constant domain (C;,3) 
‘ofeach heavy chain, This pairing isusually sta- 
bilized further by intetheavy chain disulfide 
bridges some distance away in the hinge 
region. InlgG4, the hingeregion has theamino 
acid sequence Cys-Pro-Ser-Cys, compared to 
Cys-Pro-Pro-Cys in IgGl, and this difference 
has been linked to a tendency of 1gG4 to form 
novel intrachain disulfides in the hinge region 
rather than the standard interchain heavy chain 
disulfide bonds (6-8). Surprisingly perhaps, 
the present work suggests that these hinge df= 
ferences are not primarily responsible for the 
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Partners in arms, (Top) The Y-shaped structure of an IgG molecule is composed of two identical heavy (H) 
chains and two identical light (L) chains, resulting in two identical antigen-binding sites atthe tips of the Y. 
However, an H-Lunit of one 1gG4 molecule can exchange with that of another IgG to produce a hybrid mol- 
ecule with different antigen specificities. Because the Fc parts of two IgG4 molecules are identical, their Fab 
arms are effectively swapped. (Bottom) The exchange of Fab arms between IgG4 molecules is dynamic. An 
initially homogeneous 1gG4 antibody, when administered to a human, will begin swapping arms. Partners 


exchange constantly, as this “dance” progresses. 


An insightful application of this Fab arm 
exchange is illustrated in a monkey model of 
the human autoimmune disease myasthenia 
gravis. The disease presents as muscle weak- 
ess associated with autoantibodies to 
acetylcholine receptors (ACHR) expressed 
on muscle cells. van der Neut Kolfschoten et 
al. show that a human IgG1 antibody to 
ACHR isolated from a patient with myasthe- 
nia gravis induces disease symptoms in 
monkeys presumably by cross-linking AChR 
molecules. However, a human IgG4 anti- 
body with identical binding properties to 
ACHR as the IgGI antibody does not cause 
disease. Furthermore, the IgG4 antibody 
protects against IgGl-mediated disease 
likely by displacing IgG1 and binding 
monovalently to AChR. 
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‘exchange of Fab arms but, instead, implicates 
the C,,3 domains. 

‘Sequence differences in the C,,3 domain of 
IgG4 and IgG1 are limited to four residues; 
‘most notably, an arginine at position 409 at the 
interface between C,,3 domains in IgG4 is 
replaced by a lysine in IgGl, and this may be 
‘crucial for Fab arm exchange. Although this, 
appears to be a rather conservative mutation, 
arginine-to-lysine substitutions can have large 
‘effects on protein-protein interactions in other 
systems (9, 10), Clearly, further mutagenesis, 
studies are warranted to address this possibility 

What are the ramifications of Fab arm 
exchange for antibody-mediated immu- 
nity? IgG4 is produced particularly in 
response to high doses of protein antigen, 
and there has been controversy over the abil- 
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ity of lgG4 to dampen IgE responses when the 
antigen is an allergen and also whether this 
dampening effect has clinical utility (5, 11). 
Any effects are likely due to competition 
between IgE and IgG4to bindantigen, butthis 
should now be considered in the Tight of the 
findings of van der Neut Kolfschoten eral 
Several IgG4 molecules are in clinical use 
or in clinical trials. In some instances, the 
hinge region of IgG4 has already been “stabi- 
lized” by mutation to the IgG1 Cys-Pro-Pro- 
(Cys sequence, and itis probable that Fab arm 
exchange has been reduced or even abrogated. 


Inother instances, a wild-type IgG4 molecule 
may have been used, and the possibility that 
Fabarm exchange could contribute to adverse 
effects in IgG4 therapy (/2, 13) should be 
explored immediately. 
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GEOCHEMISTRY 


New Players in an Ancient Cycle 


Bo Thamdrup 


jcroonganisms such as cyanobacte- 
ria, sulfite reducers, and methane- 
producing archaea can be traced 
back to ~2.7 billion years ago on the basis of 
chemical biomarkers, microfossils, and stable 
isotopes. Farther back in time, the evidence for 
‘microbial metabolism resembles a puzzle in 
‘which most pieces are missing. On page 1534 
of this issue, Philippot et al. (7) present a new 
isotopic evidence for sulfur dispropor- 
tionation, a little-explored metabolic process, 
ina3.5-billion-yearold marine deposit. 

‘The geological record of stable sulfur iso- 
topes holds vital clues about Earth’s history. 
Sulfate-respiring bacteria and archaea in 
marine sediments favor "S over MS in thei 
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‘The sulfur cycle at North Pole according to (2). Atmospheric reactions of 
sultur gasses induce a mass-independent fractionation with positive ™°S 
anomalies (AS) in elemental sulfur (5°) and negative anomalies in sulfuric 
acid (H,$0,). Sulfur and sulfate are deposited in a shallom, sulfate-rich basin. 
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reduction of sulfate, yielding “S-depleted 
hydrogen sulfide; this signal can be traced 
back 2.5 to 2.7 billion years, Sulfate reducers 
only discriminate the isotopes at sulfate con- 
centrations above ~1 millimolar. The isotope 
‘signal thus documents a sulfate-rich ocean (2), 

‘The absence of this isotopic signal before 
2.7 billion years ago (3) could mean that sul- 
fate levels were low or that sulfate reduction 
had not yet evolved. In support of the former 
explanation, Shen et al.(4) have reported evi- 
dence that sulfate reducers existed 3.5 billion 
years ago. The authors found ™S-depleted sul- 
fide associated with a barium sulfate bed from 
North Pole, Western Australia. 

‘The results of Shen eral. (4) are one of the 
two oldest reported datings of a specific 
energy metabolism. More recently, methano- 
genesis was dated to the same age (5). Carbon 
isotope analysis has provided evidence for 
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Isotope data from Australia provide evidence 
for the existence of bacteria that used 
elemental sulfur in metabolic processes 
about 3.5 billion years ago. 


biological carbon fixation by 3.8 billion years 
‘ago (6), but carbon fixation may be linked 
to different types of energy metabolism. 
Philippot et al. have now repeated the sulfur 
isotope analyses from North Pole with new 
samples, finding slightly more “S-depleted 
sulfide than the previous study. They also 
extended the analysis to 5, which gives 
information about the sulfur source, The 
results show that the simplest explanation is 
not always the right one, 

For clements with several stable iso- 
topes stich as sulfur, isotopic fractionation 
in aqueous processes—including enzy- 
matic ones—depends closely on the mass 
differences between the isotopes; for 
example, the fractionation between 8 and 
23 is 0.515 times that between ¥S and ®S 
(7). In contrast to this mass-dependent 
fractionation, atmospheric photochemical 
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(Unset) Elemental sulfur is disproportionated by microbes, with mass-dependent 
fractionation into S-depleted hydrogen sulfide and "S-enriched sulfate. 
Hydrogen sulfide precipitates as “'S-depleted pyrite on the surface of the crust, 
whereas the sulfate is diluted into the large sulfate pool. 
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reactions may result in mass-independent 
fractionation, seen as deviations from the 
fixed mass-dependent ratios. 

Sulfur species from sediments older 
than 2.5 billion years exhibit large mass- 
independent fractionations, which are not 
found in younger sediments. This indicates 
that the early sulfur cycle was influenced 
strongly by atmospheric reactions (7). 
These reactions likely involved photolysis, 
of volcanogenic HS and SO, by ultraviolet 
radiation, leading to the deposition of ele- 
‘mental sulfur with a positive ¥S anomaly 
and sulfate with a negative °S anomaly 
(see the figure) (8), 

Ifthe “S-depleted sulfur in pyrite from 
North Pole were produced by sulfate reduc- 
tion, it should carry the same slightly nega- 
tive ¥S anomaly as the sulfate from which it 
formed. Instead, the pyrite carries the po: 
tive °S anomaly predicted for atmospheri- 


cally generated elemental sulfur. Only one 
known abiotic or biological elemental-sul- 
fur transformation generates a substantial 
¥S depletion at low temperature: the bacte- 
rial disproportionation reaction 
4S°+4H,0— 3H,S+S02 +21". 

Just three pure bacterial cultures that grow 
by sulfur disproportionation are known (9, 
10). These bacteria are the masters of simple 
inorganic life. For example, Desulfocapsa 
sulfoexigens needs only water, sulfur, CO., 
and inorganic nutrients for growth (9). It 
obtains energy from the hydrolysis of cle- 
mental sulfur, thiosulfate, or sulfite and 
grows anaerobically as long as the concentra 
tion of H,S produced is kept low (11). 

The srict environmental requirements of 
known sulfur-disproportionating bacteria —an 
anoxic environment colder than ~40°C with 
near neutral pH and low hydrogen sulfide con- 
centrations (9)—may help to clarify divergent 


PERSPECTIVES [ 


interpretations of the North Pole paleoenviron- 
ment( /2, 13). However, caution is needed with 
such conjectures: This group of bacteria has 
received so little attention that other species 
with different environmental preferences may 
have escaped the microbiologists’ notice. 
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COMPUTER SCIENCE 


Cultural Modeling in Real Time 


V.S. Subramanian 


everal recent examples 
show the difficulties gov- 
ernments and organiza- 


tions have in predicting the 
consequences of their actions. 


Extract timely, 


a 


In 2001, U.S. commanders we F relevant data 
unable to successfully negoti- i 
ate deals with local tribesmen Blog 
to prevent the escape of bin “Youube 
“Social networks 


Laden, even though reports 
indicate that they had excellent 
intelligence on where he was. 
‘The day after the United Nations 
approved a resolution calling 
for the deployment of 17,300 peacekeepers 
to Sudan, the Sudanese government launched 
‘a major offensive in Darfur. In December 
2006, an unexpectedly large group of protest- 
ers in Kyrgyzstan marched against the deci- 
sion by their government to enter a debt- 
relief program under the auspices of the 
World Bank. 

Accurate forecasts depend critically upon 
the ability to build behavioral models of the 
people and groups involved. Social scientists 
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have traditionally constructed cross-cultural 
models by conducting cither in-person or 
‘written surveys (/), or living with such groups 
(2), and then hypothesizing and testing corre- 
lations in collected data by means of various 
statistical models (3). None of these strategies 
‘work in countries riddled with conflict 
Iraq and Sudan today. Old surveys are 
likely to be outdated. Questionnaires and sur- 
vey respondents may be influenced by the cli- 
‘mate under which the survey is taken. In con- 
flict situations, data must be gathered with 
real-time methods. However, building behav- 
ioral models in real time is particularly diffi- 
cult (see the figure). 

‘Computational social models may offer 
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> Learn “determining condiions* 


Computer models are being developed that 
‘can help policy-makers predict the behavior of 
political, economic, and social groups. 


Develop forecasts —a 
iy 


Provide feedback <—— 


Building a real-time sociocultural model. Data gathered from many sources is sifted for relevant information. Modeling 
software takes this information to extract “determinant conditions” or situations that could lead to possible actions of mem 
bers ofa group. The models can forecast future actions and refine those forecasts with feedback from users. 


the best solution in cases where conventional 
data gathering is not possible. Tools such 
as The Resource Description Framework 
Extractor (FREX) (4) use socio-cultural- 
political-economic-religious (SCPER) vari- 
ables provided by social scientists in conjunc- 
tion with other data sources (e.g., surveys), if 
available, and automatically extract relevant 
data from news sources, blogs, newsgroups, 
and wikis (ic, collaboratively written infor- 
‘mation sharing sites). Otherefforts such as the 
KEDS project (5) extract variables from spe- 
cific news sources. The SCPER variables can 
include financial activities, violent event 
information, or political relationships. The 
source data can be automatically analyzed to 
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recognize spikes in such activities, providing 
“early warnings” of potential conflicts. Un- 
like past methods, these methods do not 
require previous knowledge of the groups 
being investigated. 

Past behavioral models [e.g., to forecast 
turmoil in Indonesia (6)] were painstak~ 
ingly built by hand. Building behavioral 
models in real-time from such data isa chal- 
lenge that is only now being addressed by 
software development, 

Systems stich as the Cultural Reasoning 
Architecture (CARA) (4) can be used to study 
the Janjaweed in Sudan (a militia of Arab 
descent engaged in the systematic use of mass 
rape and violent attacks against Muslims of 
non-Arab descent in the Darfur region), 
Data may include parameters that indicate 
inereases or decreases in these actions. In 
another example, the probability of suicide 
attacks by the Lebanese Shiite group Hez~ 
bollah when they are not engaged in rocket 
attacks and car bombings depends upon 
‘whether Hezbollah was using education and 
propaganda as a major part of their strategy. 
When they were, the probability of suicide 
attacks was around 47%, but when they were 
not, the probability shot up to80%, This is one 
example of a rule automatically discovered 
by the CARA architecture (4) with the 


“Minorities at Risk” data set (7). The number 
of possible determining conditions is enor- 
mous, and a human analyst could easily miss 
an interesting hypothesis. Moreover, because 
programs like TREX provide a flood of data 
(45,000 pages per day), sophisticated algo- 
rithms are needed. Classification algorithms 
(8) to identify conditions that neatly separate 
desirable situations from undesirable ones 
(e.g, violent actions versus more acceptable 
forms of negotiation) offer an excellent start- 
ing point, although substantial scaling to huge 
data sets is required. 

We can use these methods to model terror 
groups, political partics, U.S. allies, compa- 
nies, or regulatory bodies. The final step is to 
forecast how members of the modeled group 
may act once a set of determining conditions 
has been found. Even if we study just 1000 
actions, there are 2! possible sets of actions 
that a group might take at just the next time 
point. This corresponds to about 10" possi- 
ble sets ofactions. Current systems such asthe 
stochastic modeling agents in the CARA (4) 
architecture can estimate the & most probable 
sets of action the opponent might take ina 
few minutes when 10°” sets of actions are 
involved. The ability to access real-time infor- 
‘mation on these topics, to rapidly analyze the 
possible actions that interested parties might 


‘engage in, and to determine how best (¢.2., 
‘with methods of game theory) to respond, will 
provide a key tactical advantage to organi 
tions that are entering foreign cultures with 
goals as diverse as stopping terrorism or 
improving corporate profits. 


References 

1, ML} Gelfand, Raver, Holcombe Ehrhart, in 
‘Handbook of Industral and Organcatonal Psychology 
‘esearch Methods, 5. Rogdbera, £4, (Blackwel, New 
York, 2002), pp. 216-281, 

2 0. Ednards, Before Tatar: Genealogies ofthe Noha 
‘had Univ, California Pres, Berkeley, 2002), 

3. Sod, in Computer-Aided Methods or International 
Conflct Resolution and Prevention, R. Trap 
‘Ktuwe, Dordrecht, 2006), pp, 161-184. 

4 V,S.Subrahmanian ea, EEE Intl Spt 22, 12 
(2007) 

'5, P.Schot,E. Simpson, Genes, paper presented atthe 
igh-Level Scientific Conlerence on Kentying Wars 
Systematic Conflict Research ands Uy in Confit 
Resoltion and Prevention, Uppsala, Sweden, 8 and 9 
une 2001. 

46. |. Band, V. Peto, 5, 0°Bren,O, Bond, paper presented 
at the interationa Studies Asiodation Convention, 
Monteal, 17 to 21 March 2004, 

7. J.Wilkeniel V. Asal C Johnson, A Pate, M. Michael, The 
‘Use of Violence by Ethopolital Organizations inthe 
‘Mice ast, Research Brie (ational Consortia forthe 
Study of Terorsm and Responses to Terrorism, College 
Park MO, 2007; woman pubis! 
‘eearth_rie'/20070202_wilkentd pt 

18 5. R Salvin, D. Landgrebe, EE Transact Sst Man 
Ger. 24, 6601990), 


10.1126/cence 1148306 


MICROBIOLOGY 


Sizing Up the Uncultivated Majority 


Marcel M. M. Kuypers 


coupling the identity of microbes with 

their activity in the environment re- 

‘mains an important gap in our ability 
to explore microbial ecology. The develop- 
‘ment of techniques to quantify the metabolic 
activity of single microbial cellshas been espe- 
cially challenging, mostly due to their small 
size, Microbiologists are therefore excited 
about a new high-resolution imaging method 
called multi-isotope imaging mass spectro- 
metry (MIMS) or nanoSIMS, which can help 
decipher what individual microbesare “doing” 
inthe environment. On page 1563 of this issue 
(J), Lechene and colleagues apply MIMS to 
identify a symbiotic relationship between a 
nitrogen-fixing bacterium and an animal 
host. The technique is poised to reveal the meta- 
bolic diversity of the planet's microorganisms, 
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99% of which has cluded cultivation (2). 

MIMS can determine the chemical, radio- 
isotopic, and stable-isotopic composition of 
biological material down to the submicrome- 
terlevel (3-6). By exposing microbial com- 
munities to substrates that have been labeled 
with stable isotopes, MIMS-based imaging 
allows visualization of metabolic activit 
single cells. Moreover, nutrient uptake rates 
and fluxes can be quantified. 

Lechene eral sed MIMS to quantify nitro 
‘gen (N,) fixation by individual bacteria that 
inhabit the gills of the shipworm Lyrodus 
pedicellatus. L. pedicellatusis a wood-cating 
marine bivalve with little nitrogen in its dict and 
must therefore rely on other nitrogen sources 
(7). Previous studies reported N, fixation for 
intact shipworms, as well as for pureculturesof 
bacterial symbionts isolated from shipworm 
gills (7, 8), but neither the site of fixation nor 
whether the fixed nitrogen is supplied to the 
host could be determined. Lechene et al. grew 


‘Annew imaging technique allows the metabolic 
activity of single microbial cells to be 
quantified in environmental samples. 


shipworms in seawater containing nitrogen gas 
‘enriched in the rare stable isotope '*N and used 
MIMS to measure 'N incorporation in sym- 
bionts and shipworm tissue (see the figure). 
The incorporation of !N was determined by 
comparing the quantitative mass images of 
22C!N~ and 2C!'N — produced by bombard- 
‘ment of tissue with a cesium ion beam—to 
‘measure the inerease in 'SN/*N ratios relative 
to the natural abundance ratio (0.00367). 
‘Transmission clectron microscopy of the same 
shipworm gil tissue was used to identify bacte- 
ria and host cells. The combined data provide 
the first direct evidence for in situ N, fixation 
by bacterial symbionts and demonstrate that 
this nitrogen is used by the shipworm host. 
Until the work of Lechene et a, it had not 
‘been possible to quantify the incorporation of 
nitrogen by individual N,-fixing microorgan- 
‘isms or to map the fate of fixed nitrogen in the 
microbial environment. Other methods cur- 
rently used either do not provide single-cell 
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Bacteriocyte containing Bacteria fit Np for host 
bacteria from shipwarm shipnoxm 


‘ 


Do bacteria in gills fix 


nitrogen forthe shipnorm? grown in 5 


‘Anew window on microbial activity. The incorporation of #N stable isotope 
into a mixed population of cells (animal cells and bacteria) is determined by 
comparing two quantitative mass images (C!N- and CN°) obtained by 


resolution or, like micro-autoradiography, 
require that microorganisms be fed radioac~ 
tive-labeled substrates (9), The uptake of radi- 
labeled isotopes directly links individual 
microbial cells to their activity in the environ- 
ment, However, because this approach 
requires radioactivity, its use is limited to ele- 

§ mem that have a radioisotope witha suitable 
half-life 1 day; for example, “Cand H1) and 
E excludes the study of other elements such as 
nitrogen. MIMS, on the other hand, can be 

i used to measure the distribution of any stable 
§ isotopeas wells any radioisotope with a suit- 
3 able half-life. Hence, the approach used by 
Lechene er al. holds great promise for study- 
ing symbiont-host interactions and microbial 
activity in the environment. 
Combining MIMS with fluorescence in 

situ hybridization (FISH) is an even more 


ASTRONOMY 


of the ™N. 


powerful technique for identifying and char- 
acterizing single microbial cells. FISH uses 
fluorescent-labeled probes that are specific to 
the organism of interest and that bind to 
the intracellular 168 ribosomal RNA (2), 
Replacing fluorescent probes with isotopi- 
cally labeled (stable or radioactive) or halo- 
genated probes would allow individual cells to 
be directly identified (by probe hybridization 
to targets) by MIMS (0). The hybridization 
procedure is essentially identical to that used 
for FISH, and the same probes can be applied. 
By combining this probing technique with 
isotope labeling of substrate, one can assess 
the metabolic activity of cells and simultane- 
ously identify their phylogenetic characteris- 
tics during a single MIMS scan. This ap- 
proach links the identity of microbial cells to 
their in situ activity. MIMS is truly an imaging 


‘multi-sotope imaging mass spectrometry (MIMS). The increase in °N'N ratios 
relative tothe natural abundance ratio can then be measured to identify the fate 


breakthrough, whose application is only just 
beginning to yield information once consid- 
ered inaccessible 
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‘Asupercomputer simulation shows that matter 
in the early universe might have formed dense 
filaments before collapsing into the first stars. 


From Darkness to Light 


Volker Bromm 


hat is the nature of the dark matter 
that is believed to dominate the 
structure of the universe at large 


@ 
i 
i 
2 ‘most researchers to believe thatthe first stars 
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E scales? How did the cosmic dark ages end 
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‘were predominantly very massive, typically a 
few hundred solar masses. 

‘The emergence ofthe firststars fundamen- 
tally changed the early universe at the end of 
the cosmic dark ages (3). Owing to their high 
mass, these stars were copious producers of 
heavy chemical elements that were rapidly 
dispersed by supernova explosions. They also 
produced many ultraviolet photons that were 
energetic enough to ionize hydrogen, the most 
abundant element in the universe. Thus began 
the extended process of what cosmologists 
call “reionization” (see the figure), which 
transformed the universe from a completely 
cold and dark neutral state into the fully ion- 
ized medium of today. Observations of the 
polarization in the cosmic microwave back- 
ground (CMB), due to the scattering of CMB 
photons off free electrons, place constraints 


According to the standard model (2), star 
formation in the early universe was very dif- 
ferent from the present, Stars today form in 
‘giant clouds of molecular gas and dust embed- 
ded in the disks of large galaxies like our 
Milky Way, whereas the first stars emerged 
inside “minihalos,” agglomerates of primor- 
dial gas and dark matter with a total mass of a 
million times that ofthe Sun. 

‘Another difference arises from the initial 
absence of elements other than the hydrogen 
and helium that were synthesized in the Big 
Bang. Gas clouds today can efficiently cool 
via radiation emitted by atoms, molecules, or 
dust grains that contain heavy elements. 
Because the primordial gas lacked those 
coolants, it remained comparatively hot. F 
gravity to overwhelm the higher thermal pres- 
sure, the mass of the first stars must have been 
larger as well. Numerical simulations have led 


‘when the first stars lit up the universe again a 
few hundred million years after the Big Bang? 
These questions might be intimately related. 

(On page 1527 of this issue, Gao and Theuns (/) 
present numerical simulations of cosmological 
structure formation in the early universe, Their 
simulations demonstrate how sensitively the 
formation of the first stars depended on the 
detailed properties of the still mysterious dark 
‘matter. The macrophysics of early star forma- 
tion might thus hold important lessons for the 
microphysics of exotic elementary particles. 
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Cosmic renaissance. This supercomputer simulation shows a primordial star of 100 solar masses, formed inside a dark 
atter minihalo and surrounded by a bubble of ionizing radiation (light blue). The bubble is embedded in the stil 


‘neutral cosmic gas (weblike structure in shades of purple and yellow). Tis frame depicts the inital step in 1 


of cosmic reionization, 


‘on the onset of reionization. Measurements 
made with the Wilkinson Microwave Aniso- 
tropy Probe( WMAP) indicate that about 10% 
of the total signal was likely produced by the 
first stars (4), 

ur picture of how the first stars formed 
and how they affected the evolution of the cos- 
mos assumes that dark matter is made up of 
\weakly interacting massive particles (WIMP%). 
Such particles are predicted by several theories 
butan interact 
with normal matter only via gravity and the 
\weak nuclear interaction. A plausible WIMP 
candidate is the “neutralino,” the lightest 
“superpuriner” in many supersymmetrical the- 
ories (5). Supersymmetry postulates that for 
every known particle there is a superpartner, 
thus effectively doubling the zoo of elemen- 
tary particles. Most of these superparticles that 
were produced briefly after the Big Bang are 
unstable and have decayed. The lightest of 


them, however, could not decay into any other 
particle and thus would exist today. 

The neutralino is expected to be rather 
massive, having roughly the mass of a hun- 
dred protons, and so it would move compara- 
tively slowly (it would be “cold”). Such cold 
dark matter (CDM) particles preserve any 
density perturbations from the very early uni- 
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verse. To see this, consider the opposite case in 
¢ dark matter would be “ho! 
sponding to very light particles. Streaming 


which 


corre: 


velocities would then be very lange, and such 
hot dark matter could not be trapped in small 
density condensations. The first structures to 
form in the universe would then be lange, mas- 
sive systems, whereas in CDM models, small- 
scale structures would survive and would be 
the first to emerge. 

CDM models predict that the first stars 
formed in dark matter minihalos. In turn, the 
evolution of the primordial gas fallin 
these minihalos yields stars with roughly a 
hundred times the mass of the Sun, Gao and 
Theuns are now challenging this CDM-based 
standard view. They consider a situation in 
which the dark matter is slightly less cold, 
termed “warm dark matter” (WDM). WDM 
with CDM models on large 


models agre 
s, but they le: 


scal d to drastically different 
predictions for the small scales that are rele- 
vant for the formation of the first stars. In 
the WDM scenario investigated by Gao and 
Theuns, there are no minihalos that could host 
the formation of the firs stars; instead, the pri- 
mordial gas would collapse first into massive 
filamentary structures. The completely differ- 
ent history experienced by the star-forming 
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gas would likely result in stars with a 
different distribution of masses, pos- 
sibly skewed toward somewhat less 
massive stars, The simulations pre- 
sented here cannot yet resolve the 
formation of the actual stars, render 
ing any conclusions about the precise 
stellar masses tentative, 

How do we decide between the 
CDM and WDM models? One way is, 
to compare the predicted strength of 
the CMB polarization signal with the 
WMAP measurement (6). Ifthe sup= 
pression of small-scale features 
WDM models is too severe to pro- 
duce enough ionizing photons, such 


xcluded, A comple- 
mentary stra 


ey to empirically probe 
the mass and mass distribution of the 
first stars is to hunt locally for fossils 
of the dark ages, low-mass stars 
Milky Way that contain only a tiny 

mount of heavy elements. These 
would carry the imprint of the first 
stars that produced those elements 
with an abundance pattern that sensi- 
tively depends on mass (7, 8). Again, 
the simulations are not yet detailed 
enough to make predictions with the 


e process required degree of precision, but the 
game is clearly on now. 

This new frontier of connections 

between particle physics and the first stars 


es. If dark matter 
particles could decay, or if they were cone 
trated so that annihilation reactions could 
occur, then heating of the primordial gas 
would result, with the potential to greatly 
modify star formation (9, 10), Cosmology has 
a huge stake in the search for possible dark 
matter candidates soon to be carried out at the 
Large Hadron Collider at CERN, 


offers intriguing possibili 
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Complexity of Coupled Human and 
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Integrated studies of coupled human and natural systems reveal new and complex patterns and 
processes not evident when studied by social or natural scientists separately. Synthesis of six case 


stu: 


from around the world shows that couplings between human and natural systems vary 


‘actoss space, time, and organizational units. They also exhibit nonlinear dynamics with thresholds, 
reciprocal feedback loops, time lags, resilience, heterogeneity, and surprises, Furthermore, past 
‘couplings have legacy effects on present conditions and future possibilities. 


{tegrated systems in which people interact 

‘with natural components. Although many 
studies have examined human-nature interactions 
(Z-5), the complexity of coupled systems has not 
‘been well understood (6, 7). The lack of progres is 
largely duc to the traditional separation of ecologi- 
cca and socialsciences (8). Although some scholars 
‘have studied coupled systems as complex adaptive 
systems (9, 10), most of the previous work has 
‘been theoretical rather than empirical. 

‘An increasing number of interdisciplinary 
programs have been integrating ecological and 
‘social sciences to study coupled human and nat- 
url systems (e.g, social-ecological systems and 
‘humn-environment systems). Here, we synthe- 
sine six case studies wo demonstrate the approaches 
‘used and results found (Fig. 1 and table S1). 


C= human and natural systems are in- 


East Lansing, Mt 48824, USA. Kavronmental Science and 
Policy Program, Michigan State Univesity, East Lansing it 
448824, USA. 'Center for Limnology, Univesity of Wisconsin, 
‘Madison, WH 53706, USA ‘Department of Uban Design and 
Planning. University of Washington, Seat, WA 98195, 
USA. "The Beijer International Institute of Ecological Eco- 


‘nomics, The Royal Swedish Academy of Sciences, Post Office 
{ox 50005, SE 108 05 Stockholm, Sweden. “Stocholm 
Resilence Cette, Stockholm University, SE 106 91 Stck- 
holm, Sweden "Department of Anthropology, Indiana Uri- 
versity, Bloomington, IN 47405, USA. Comell International 
Institute for Food, Agrcuture, and Development, Comell 
University, Ithaca, NY 14853, USA. "Department of Geog- 
raphy, Univesity of Waterloo, Waterton, Ontario N2L. 363, 
Canada. "tout Lake Station, Univesity of Wisconsin, 
Boulder unation, M54512, USA. MOeparmento Zola, 
Oregon State University, Coral, OR 97331, USA. 
"Workshop in Pltal Theory and Policy Analysis, incfana 
Univesity, Bloomington, IN 47408-3895, USA. Research 
{enter for Eco-Environmental Sciences, Chinese Academy of 
Sciences, Being, 100085, China. “Department of Agi- 
‘cdtural and Applied Economics, Universty of Wisconsin, 
Madison, WI $3706, USA. "Global Insitute for Sustain- 
ably, Avzona Sate Univers, Tempe, AZ 5267-3212, 
USA. Department of Biological Sciences, Stanford Uni- 
very, Stanford, CA 94305-5020, USA 

‘To whom correspondence should be addressed. E-mail: 
liv@pandamsuedu 


www.sciencemag.org 


‘These studies are on five continents: the Kenyan 
Highlands in A fica (Kenya): the Wolong Nature 
Reserve for giant pandas in China (Wolong); 
Central Puget Sound of Washington (Puget 
Sound) and Northem Highland Lake District 
‘of Wisconsin (Wisconsin) in the United States; 
an area near Altamira, State of Pari, Bruzil 
(Altamiray; and Kristianstads Vattenrike of Swe- 
den (Vattenriket) (Fig. 1). They include urban 
(Puget Sound), semi-urban (Vattenriked), and 
rural areas (Altamira, Kenya, Wisconsin, and 
Wolong), and they are in developed countries 
(Puget Sound, Wisconsin, and Vattenriket) and 
developing countries (Altamira, Kenya, and 
‘Wolong). These studies are in different ecologi- 
cal, socioeconomic, politcal, demographic, and 
cultural settings, and they encompass a variety of 
ecosystem services and environmental problems 
(able SI). 

‘These studies share four major features. First, 
they explicitly address complex interactions and 
feedback between human and natural systems. 
Unlike traditional ecological research that often 
excluded human impacts oF social research that 
generally ignored ecological effects, these studies 
‘consider both ecological and human components 
8s well as their connections. Thus, they measure 
not only ecological variables (c.g, landscape 
patterns, wildlife habitat, and biodiversity) and 
hhuman variables (¢g., socioeconomic processes, 
social networks, agents, and structures of multi- 
level govemance) (//), but also variables that 
fink natural and human components (e., fuel- 
‘wood collection and use of ecasystem services). 
‘Second, each study team is interdisciplinary, en- 
gaging both ecological and social scientists 
around common questions. Third, these studies 
integrate various tools and techniques from eco- 
logical and social sciences as well as other dis- 
ciplines such as remote sensing and geographic 
information sciences for data collection, manage- 
‘ment, analysis, modeling, and integration (11-15) 
(ble S1). Fourth, they are simultaneously context- 
specific and longitudinal over periods of time 


SCIENCE VOL 317 


Jong enough to elucidate temporal dynamics. AS 
such, these studies have offered unique inter 
dlisciptinary insights into complexities that cannot 
‘be gained ffom ecological or social research alone. 


Reciprocal Effects and Feedback Loops 
{In coupled human and natural systems, people 
‘and nature interact reciprocally and form com 
plex feedback loops. For example, local residents 
in Wolong use forests as fuelwood for cooking 
‘and heating. As forests near households were de- 
pleted duc to fuelwood collection (16), local res- 
‘dents had 10 collect fuelwood from areas far 
away (/7), Because these forests are bamboo 
forests (habitat for the endangered giant panda) 
and the bamboo in the forests is the staple food 
for the panda, fuelwood collection has led to 
substantial deterioration in forests and panda 
habitat (/6), To prevent further degridation and 
restore panda habitat, the Chinese govemment 
began to implement three major conservation 
policies several years ago, which help both local 
residents and panda habitat. In. Kenya, local 
residents convert forests into cropland and inten 
sively cultivate land without supplying additional 
nutrients, in some cases for more than 100 years. 
Soil degradation with the resulting decreases in 
crop yields and greater food insecurity hastens 
conversion of remaining forests to agriculture, 
Similarly, in Altamira, 255,739 hectares (ha) of 
forests had been converted into pasture and 
‘cropland as of 2003. As soil quality declines, 
fenilizers must be applied, crops are shifted to 
those with lower nutrient requirements, or mone 
forests are converted into cropland (there were 
still 136,913 ha of forested area in 2003). 

Feedback between human and natural sys 
tems in the agricultural and tourism sectors of 
developed countries is in many ways similar to 
feedback in developing countries. For example, 
Jocal people (76,000 in 2005) in Vattenriket ben- 
‘efit from ecosystem services that are the result of| 
Jong-term human management of the a 
landscape. In Wisconsin, ecosystem conditions 
affect tourism, which is the mainstay ofthe econ- 
‘omy, but economic development and ecosystem 
‘exploitation from tourism often degrade the qual- 
ites that attract tourists. 

‘The ecological and socioeconomic pattems 
‘and processes in urban coupled systems are dif= 
ferent from those in rural areas. They are me~ 
diated by factors such as the urban form, built 
infrastructure, and location and consumption pref 
‘erences of heterogenous households and busi 
nesses. For example, in Puget Sound, adistinctive 
spatial heterogeneity can be observed across an 
turban (0 rural gradient in relation to diverse 
development pattems (/8). Land-cover changes 
influence biophysical processes (.g., water puri- 
fication) and stream biotic integrity (15), Further: 
more, changes in land cover due to development 
in um affect land value and real estate markets, as 
evidenced by values of real estate having up to a 
{6.5% premium associated with forest cover (/9). 


14 SEPTEMBER 2007 


1513 


| REVIEW 


Dynamics of humar-nature systems are in- 
fluenced by many factors, including govemment 
policies and contextual factors in which local 
processes are shaped by larger-scale and ulti- 
‘mately global-scale processes (20). Both markets 
‘and govemance can cause decisions made in one 
place to aflect people and ecosystems far away. 
For instance, evonomic opportunities in cities 
‘attracted many local residents fom Wolong to 
‘work in cites in the past several years, thus re- 
ducing fuelwood collection and consumption. 
Compared with the migrant workers in cities 
from Wolong, however, more than a thousand 
times more tourists from around the world in- 
cereased the demand for fuelwood through con- 
suming local products, whose production may 
require fuelwood and electricity. 


‘Nonlinearity and Thresholds 
‘Numerous relationships in coupled systems are 
‘nonlinear, In Wisconsin, for instance, fallen trees 
that provide critical fish habitat in lakes and 
streams drastically decrease when housing den- 
sity exceeds about seven houses per kilometer of 
shoreline (Fig. 2). Bint richness in the Puget 
‘Sound landscape with single-family housing and 
fragments of native forest increases nonlinearly 


with forest cover and peaks when 50 to 60% of 
the land is forested (Fig. 3) (21). 

‘Thresholds [transition points between alter- 
nate states (22)] are common forms of nontin- 
carity. In Vattenriket, an intentional participatory 
process mobilize stakeholders laying the ground- 
‘work for a shift from conventional management 
to adaptive co-management (23). Cultural values 
“and environmental concems prompted local stake- 
holders to build new knowledge, develop new 
visions and goals, and create new social networks. 
‘The result of these community activities was a 
new and more suitable govemance system of 
adaptive co-management of the landscape. 

‘System behaviors shift from one state 1 ant 
‘other over time (temporal thresholds) and across 
space (spatial thresholds). Altamira depicts atem- 
poral threshold, whereas Wolong demonstrates a 
spatial threshold, Deforestation rates in Altamira 
are high during the fist 5 to 7 years of settlement 
and then decrease rapidly. In Wolong, as the dis- 
tance between locations of houscholds and fue!- 
wood collection sites increases, panda habitat 
decreases, reaching a minimum at a distance of 
approximately 1800 m (17), When the distance 
between houscholds and fuelwood supplies is 
small, the total area for fuelwood collection is 


Northern Highland Lake District 


(Wisconsin) 


|® Conereo on Vilas County, Wisconsin, USA 


@ 5,300 kr 


'@ 3.46 milion people (2005) 

@ Overwhelmingly forest 

@ Shifting from manufacturing base to 
dominance by service and office Industries 

‘@ Puget Sound Regonal Council, counties’ 
governments, cles! governments 


‘@ 65,000 permanent residents (2000) 


small and thus panda habitat is better protected. 
‘When the distance is lange (1800 m), fuelwood 
collection is scattered throughout a large region 
and affected areas can recover relatively quickly. 
When the distance is approximately 1800 m, local 
residents’ fuelwood demand is met by cutting 
‘most available trees and causes more habitat loss 
un. 


Surprises 
‘When complexity is not understood, people 
may be surprised at the outcomes of human- 
‘nature couplings. For example, smelt (Osmerus 
‘mordax) was initially introduced to Wisconsin 
‘as a prey species for game fish such as walleyes 
(Stcostedion vitreum), but smelt ate juvenile 
\walleyes leading to loss of walleye populations, 
In Puget Sound, growth management policy 
hhas caused urban density to intensify inside the 
‘urban growth boundary while unintentionally 
facilitating sprawl outside the urban growth 
boundary. 

Conservation policies can also generate un 
intended perverse results. In Wolong, for in- 
‘stance, high-quality panda habitat degraded faster 
afler the area was established as a reserve than 
before the reserve’s ereation (24). To prevent 


Kristianstads Vattenrike (Vattenrikel) 
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4.100 km? 
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Kenyan Highlands (Kenya) 
‘@ Embu District in Eastem Province; 
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Fig. 2. Map highlighting major atvibutes of the six coupled human and natural systems (location; spatial extent; population size; and ecological, economic, and 
aciminisative attributes). To save space, short names within the parentheses represent the coupled systems. See table $1 for more detailed descriptions. 
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House density (nouses/im) 


Fig. 2. The relationship between fish habitat (logs per Kilometer) and 
hhouse density in the Northern Highland Lake District of Wisconsin, 


United States. [modified from (38), with permission] 


further degradation, « natural forest conservation 
[program was introduced in 2001 for local resi- 
‘dents to monitor illegal harvesting. Unexpected- 
ly, large number of new households formed in 
2001 because many houscholds decided to split 
into smaller ones to more effectively capture 
subsidies (20 to 25% of the average household 
income) given to households as part of the pro- 
‘gram. The household proliferation and reduction 
in household size (number of people in a house- 
hhold) increased demand for fuelwood and land 
for house construction (25). 

Some ecosystems can only be sustained 
through human management practices, whereas 
‘many conservation efforts preclude such human 
interference. For example, the wetlind site under 
the Ramsar Convention (an intemational treaty 
for the conservation and sustainable use of wet- 
lands) in Vattenriket was set aside for conserva- 
tion purposes, but the wetland became overgrown 
‘when grazing was halted. This unintended con- 
sequence led to an understanding of grazing as 
essential (o maintaining this wetland system (23). 


Legacy Effects and Time Lags 
Legacy effects are impacts of prior huran-nature 
couplings on later conditions. Among the six 
sites, legacies vary in duration from decades to 
centuries. The shortest legacy is in Altamira, a 
frontier area where the land tenure system im- 
posed by the govemment in 1970 still shapes the 
present spatial pattem of land-cover change, 
human population distribution, and human 
activities. The longest legacy is in Vattenriket, 
‘where the landscape has been affected by human 
actions such as using wet grasslands over 
hundreds of years. 

Legacy durations in the other sites fall 
‘somewhere in between. In Wolong, current forest 
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types in areas at lower eleva- 
tions (1200 to 3000 m) are 
shaped by forest harvesting 
three to nine decades ago. Intro- 
duction of a keystone species 
can restructure a fish population 
for decades or longer, as has 
been demonstrated in the Wis- 
‘consin study area which started 
fish stocking in the 1930s. 
Long-term (up to 100 years) 
continuous cultivation in Kenya 
has decreased crop yields, with 
most of the degradation oceur- 
ring during the first 13 10 20 
years after conversion from for- 
est to agriculture, In Puget 
Sound, landscape patterns are 
influenced by infrastructure built 
decades or even a century ago. 

‘The ecological and socio- 
economic impacts of human- 
‘nature couplings may not be 
immediately observable or pre- 
dictable because of time lags 
between the human-nature 
interactions and the appearance of ccological 
and socioeconomic consequences. In Kenya, 
there is atime delay between investment in soil 
improvement and inereases in income. In 
‘Vattenriket, the city of Kristianstad stopped 
toking its drinking water from the Helge’ River 
in the 1940s because untreated industrial and 
hhouschold sewage had accumu 
lated several decades cartier. 
Disturbances to groundwater 
quality can take a long time to 
appear “downstream” because 
groundwater movement be- 
foween adjacent lakes can take 
‘centuries. In Puget Sound, oco- 
logical effects of the Growth 
Management Act adopted in 
the State of Washington in 
1990 could not have been ob- 
served in less than 8 years (26). 

‘The length of lags atributa- 
ble to a single cause may vary 
for different indicators; con- 
versely, different causes. may 
become apparent over different 
time periods for the same indi- 
«ator. The former can be seen in 
Altamira, where changes in crop 
Prices quickly affect planting of 
annuals but effects on planting 
(or abandonment) of perennials (such as cocoa 
and black pepper) often are delayed. As to the 
latter situation, changes inthe price of electricity 
‘quickly affect panda habitat in Wolong because 
‘of sharp changes in fuelwood demand, but 
spacing of births within households has 2 much 
slower effect (27). Energy for cooking is needed 
daily and fluctuations in the price for electricity 
may quickly force local residents to use more 
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fuelwood (thus destroying forests and panda 
habitat), whereas it takes a longer time for chil- 
dren to establish new houscholds that inerease 
demand for energy. 
Resilience 
Coupled systems have different degrees of 
resilience—the capability to retain similar struc- 
tures and functioning after disturbances for 
‘continuous development (/0, 28, 29), Resilience 
can be affected by many factors. In Wolong, for 
‘example, larger areas with fast-growing tee 
species are more resilient to fuelwood collection 
‘than are smaller areas with slower-growing trees, 
In Kenya, remittances trom relativesemployed in 
‘urban areas minimize food insecurity due 1 crop 
failures caused by droughts and poor soil fertility. 
Human intervention also plays a key role 
maintaining resilience, For instance, in Vattenri- 
ket, sustaining the resilience of the wetland land 
scape requires grazing by cattle and incentives to 
make grazing economically viable, Partially be- 
‘cause of the actions of environmentalist, Puget 
Sound is still home to one of the last intact old- 
‘growth forests in the United States despite rapid 
urbanization, In Wisconsin, social-ccological 
resilience comes fiom the good condition of 
‘many ecosystems; the intention of Native Amer- 
icansto manage their lands and lakes sustainably; 
the mosaic of tribal, private, and state ownershi 
‘and innovations in ecosystem management by 
Various stakeholders (tribal governments of 
Native Americans, lake associations, formal 
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Fig. 3. Change in avian richness with progressively more forest 


settlement) in the human-influenced landscape in 
‘Sound region of Washington, United States. [modified 


from (22), with permission) 


research organizations, and nongovernment 
‘organizations) (12). 


Heterogeneity 
‘Human-nature couplings vary across space, time, 
‘and organizational units. The socioeconomic 
<ifferences among people in Wisconsin lead to 
different choices and behaviors, which in tum 
result in very different ecological outcomes than 
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‘one would find were everyone to have the same 
preferences for ecosystem services. In Altamira, 
different settlement cohorts follow similar trajec 
tories of land use, but the magnitude of changes 
in important variables like rates of deforestation 
varies asa product of exogenous and endogenous. 
factors (¢g, local, regional, and global political 
economy) (30). For the Kenyan highlands, it is 
common to find families with soils of different 
quality and as a result, different erop yields. 

Coupled human-natural systems are not 
state; they change over time. Although the hu- 
‘man population sizes have inereased in all six 
study sites over the past several decades, the 
resultant ecological impacts have differed. In the 
Kenya study area, human population size has 
doubled over the past 30 years, causing a marked 
reduction in firm size. Smaller farm size has led 
to growing maize during both rainy seasons 10 
‘meet family demand, but this practice has 
accelerated the rate of soil degradation and in- 
creased poverty. An increase in recreational land 
tuse in Wisconsin led to a 4.6-fold increase in 
housing density (from 3.7 to 17.2 unitskm") 
from 1940 to 2000. For Puget Sound, between 
1991 and 1999 land area covered by develop- 
‘ment inereased by 620 km* (31.5% inerease), 
hile forest caver declined by 714 km" (10.3% 
decline (26)]. Temporal changes take place not 
‘only inside a coupled system, but also across its 
‘boundaries. in Wolong, a rpidly increasing num- 
ber of domestic and foreign tourists have made 
the system much more tightly coupled to the 
‘national and global economy. 

Spatial variations exist in all coupled systems. 
For example, more fuelwood is collected in areas 
‘of Wolong, with easy access and litle enforoe 
‘ment than in forested areas with more 
challenging topography or strict enforcement. In 
‘Vattenriket, habitats and management practices, 
local stewardship associations, social networks, 
and multilevel institutions vary across the land 
scape (1). Landscape heterogencity of Puget 
‘Souind increases with the degree of urbanization, 
bbut differs substantially within the region 
depending on urban land-use pattems, infra- 
structure, and spatial distribution of activities 
(Z8). In Wisconsin, people have preferentially 
settled around lower-clevation lakes, which tend 
to have Fiverine inputs, low to moderate dis- 
solved organic carbon, low to moderate nutrients, 
‘and relatively diverse sport fish communities (3/). 
In Altamira, fertile soils permit cultivation of 
‘cocoa and sugar cane, whereas on poorer soils, 
‘pasture and manioc cultivation are more common. 


Conclusion and Outlook 

Results such as those reviewed here benefit from 
and help advance the integration of ecological 
sand social sciences, The approaches used and the 
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results from these studies can be applied to many 
‘other coupled systems at local, national, and 
‘global levels. For instance, the finding that the 
number of households increased faster than the 
human population size in Wolong over the past 
three decades has led to the discovery that this 
trend is global and is particularly profound in 
the 76 countries with biodiversity hotspots (25). 
‘The Lake Futures Project (32) in Wisconsin was 
1 prototype used to develop approaches for the 
Millennium Ecosystem Assessment scenarios 
(33). 
‘Comparison of these studies provides impor- 
tant insights into diverse complex characteristics 
that cannot be observed in a single study. The 
types of surprises found in the case studies differ, 
although all of them originated from the inter- 
‘actions between human and natural systems. All 
six studies have demonstrated legacy effects, but 
legacy durations varied from decades t centu- 
ries. Because of the independent nature of these 
studies, information from one study is not 
necessarily available in or transferable to other 
studies. To increase the extent of generalizing 
from case studies, future research on coupled 
systems must inclide not only separate site- 
specific studies but also coordinated, long-term 
‘comparative projects across multiple sites to cap- 
ture a full spectrum of variations (/4, 34, 35), 
Furthermore, all the studies in this review focus 
‘on interactions within the system, rather than 
interactions among diferent coupled systems. As 
globalization intensifies, there are more interac- 
tions among even geographically distant systems 
and across scales (36, 37). Thus, it is critical 10 
move beyond the existing approaches for study- 
ing coupled systems, to develop more compre- 
hensive portfolios, and to build an intemational 
network for intendisciplinary research spanning 
local, regional, national, and global levels. 
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Production of Trout Offspring from 
Triploid Salmon Parents 


Tomoyuki Okutsu,” Shinya Shikina,* Megumi Kanno,” Yutaka Takeuchi,” Goro Yoshizaki*?* 


species has declined markedly, and several 

species have become extinct or endangered. 
Because cryopreservation of fish eggs is difficult 
due to their large size and high fat content, we 
investigated the potential of surrogate broodstock 
technologiesas a new method of genetic resource 
preservation for fish. Surrogate broodstock tech- 
nologies involve the transplantation of primordial 
germ cells (PGCs) (1) or spermatogonia (2) from 
4 target fish species into a related species for 
Which rearing techniques are well developed. In 
doing 50, the recipient species ean produce sperm 
and eggs of the target species (3). Furthermore, 
‘because PGCS andl spermatogonia are sufticently 
small for eryopreservation, animals ean be gener- 
ated via the transplantation of thawed PGCs or 
spermatogonia into recipients, even if the target 
‘species becomes extinct. In prior work, we dem 
‘onstrated that most spermatozoa produced by 
Xenogeneic recipients are of recipient origin; 
few donor-derived spermatozoa are produced 
(4). In addition, the production of viable donor- 
derived eggs in xenogeneic recipients has not yet 
‘been observed in any animal species to date. The 
present study therefore attempted to produce 
‘only donor-derived sperm and eges by trans- 


I: recent decades, the number of salmonid 


planting spermatogonia into sterile xenogeneic 
recipients. 

In this study, spermatogonia of prasa-Gfp 
(where Gitp represents green fluorescent protein) 
hemizygous (pvusa-Gfp/-) and dominant orange- 
‘colored mutant heterozygous (OR'wild type (W7)) 
adult rainbow trout (Oncorfiynchues mykiss) were 
intraperitoneally microinjected into newly hatched 
embryos of triploid sterile masu salmon (O, maxon), 
Hybrids ofthese two species do not survive. His- 
tological examination showed that, whereas the 
testes of 2-yearold triploid salmon in the control 
g10up (no transplantation) were immature and con 
tained mostly spermatogonia, testes of recipients 
appeared noma (Fig. 1A) Ten of the 29 male tip- 
loid salmon recipients produced milt. Offspring 
produced with mit from these 10 recipients and 
wild-type trout eggs developed normally (fig. St 
and table S1), Five F, progeny were collected from 
cach of the 10 recipients (n= $0) for species de~ 
termination using random amplified polymomphic 
DNA (RAPD) analysis. All $0 specimens exhib- 
ited the same DNA fingerprint pattems as rainbow 
trout (fig. $2) indicating that male triploid salmon 
recipients produced only donorderived trout 

The ovaries of four ofthe cight female recip- 
‘ents contained vitellogenic oocytes at 17 months 


Fig. 2. Development of donor-derived germ cells and F1 offspring generated from surrogate parents. 
(A) Hematoxylin and eosin (HBE)-stained section of testes from an intact triploid salmon (top) and a 
triploid salmon recipient that received spermatogonial transplantation (bottom). Scale bars indicate 20 
um. (8) Oocyte colony derived from donor trout spermatogonia in the ovary of triploid salmon recipient at 
17 months after transplantation (bottom) and ovaries of intact triploid salmon (top) atthe same age as the 
‘recipient, (nsets) Fluorescent views. Sale bars, S mm. (C) Lateral view of orange-colored offspring Gnset), 
with a highly magnified image of a frame. Gfp was expressed in PGCs (asterisk). (D) Trout juveniles at 6 
months old generated from surrogate triploid salmon parents. 
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Pos transplantation (Fig. 1B). All vitellogenic 00- 
‘oytes exhibited donor-specific green fluorescence. 
‘Ovaries of intact triploid salmon of the same age 
‘contained no vitellogenic cocytes (Fig. 1B). When 
recipients reached 2 to 3 years of age, $ ofthe 50 
female triploid salmon recipients ovulated eggs 
(Cable S2) that were then fertilized with milt har- 
Yested fiom the male triploid salmon recipients. 
Although developmental rates ofthe offspring var- 
ied from one female broodstock to the next, the 
hatching rate reached 89.5% (table $2). The ra- 
tiosof orange-colored trout to wild-type troutand 
of prasa-Gip(*)to prasa-Gfp(-) were both about 
3:1 in the F, generation (Fig, 1C and table $3). 
‘These findings show Mendelian inheritance of 
ORWT and pvasa-Gjp', implying tha the F, gen 
«eration was produced from donor-derived sperm 
and eges. Resulting fry also developed normally 
(Fig. 1D), Restriction fragment length polymor 
phism (RFLP) analysis of mitochondrial DNA 
revealed that all F fish specimens examined 
(n= 18)carried trout mitochondria (fig. 3), Thus, 
{emule triploid salmon recipients that received trout 
spermatogonia produced only donor-derived trout 
‘eggs. In addition, RAPD analysis of total DNA 
showed that the DNA fingerprinting pattem of the 
F goneration was the same as that of trout (fig, $3), 
Further, the F; generation was fertile and could 
produce normal F trout. We therefore established 
4 surrogate broodstock technique for salmonids in 
which spematogonia can be mansplanted into ster- 
ile wiploid xenogeneic recipients to produce a next 
generation consisting entirely of danorderived fish, 
Wealso confined that trout spemiatogonia fran 
in a cryomedium had a high associated survival 
rate (45.4%). Thus, by transplanting cryopreserved 
spermatogonia into sterile xenogeneic recipients, 
itis possible to generate individuals of an endan- 
gered, and perhaps extinct, species. 
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Checkers Is Solved 


Jonathan Schaeffer,” Neil Burch, Yngvi Bjérnsson,t Akihiro Kishimoto,t 
Martin Miller, Robert Lake, Paul Lu, Steve Sutphen 


The game of checkers has roughly 500 billion billion possible positions (5 x 10*). The task of 
solving the game, determining the final result in a game with no mistakes made by either player, is 
daunting, Since 1989, almost continuously, dozens of computers have been working on solving 


checkers, 


applying state-of-the-art artificial intelligence techniques to the proving process. This 


‘paper announces that checkers is now solved: Perfect play by both sides leads to a draw. This is the 
‘most challenging popular game to be solved to date, roughly one million times as complex as 

Connect Four. Artificial intelligence technology has been used to generate strong heuristic-based 
-game:playing programs, such as Deep Blue for chess. Solving a game takes this to the next level by 


replacing the heuristics with perfection. 


ince Claude Shannon's seminal paper on 
S* stricture of a chess-playing program in 

1950 (J), artificial intelligence researchers 
hhave developed programs capable of challenging 
‘and detating the strongest human players in the 
‘world, Superhuman-strength programs exist for 
popular games such as chess [Deep Frite (2)) 
checkers [Chinook (3)], Othello (Logistello (4), 
and Serabble [Maven (5)]. However strong these 
[programs are, they are not perfect. Perfection 
implies solving a game—determining the final 
result (game-theoretic value) when neither player 
‘makes a mistake. There are three levels of solving 
4 game (6). For the lowest level, ultraweakly 
solved, the perfect-play result, but not a strategy 
for achieving that value, is known (e.g, in Hex 
the first player wins, but for large board sizes the 
‘winning strategy is not known (7)), For weakly 
solved games, both the result and a strategy for 
‘achieving it from the stat of the game are known 
eg, in Go Moku the first player wins and a 
‘program can demonstrate the win (6)]. Strongly 
solved games have the result computed for all 
possible positions that can arise in the game [e.g., 
Awati (8)] 

Checkers (8 * 8 draughts) is a popular game 
enjoyed by millions of people worldwide, with 
many annual toumaments and a series of 
‘competitions that determine the world champion. 
‘There are numerous variants of the game played 
around the world. The game that is popular in 
North America and the (former) British Com- 
‘momwealth has pieces (checkers) moving for- 
‘ward one square diagonally, kings moving 
forward or backward one square diagonally, and 
 forced-capture rule [see supporting online 
raterial (SOM) text) 
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The effort to solve checkers began in 1989, 
tnd the computations needed to achieve that 
result have been running almost continuously 
since then. At the peak in 1992, more than 200 
processors were devoted to the problem sinulta- 
neously. The end result is one of the longest 
running computations completed to date. 

With this paper, we announce that checkers 
has been weakly solved. From the starting po- 
sition (Fig. 1, top), we have a computational proof 
that checkers is a draw. The proof consists of an 
explicit strategy that never loses—the program 
‘cam achieve at least a draw against any opponent, 
playing cither the black or white picces. That 
checkers is a draw is not a surprise: grandmaster 
players have conjectured this for decades. 

The checkers result pushes the boundary of 
anificial intelligence (AL), Inthe early days of AL 
research, the easiest path w achieving high 
performance was believed to be emulating the 
hhuman approach. This was fraught with difficul- 
ty, especially the problems of capturing and 
encoding human knowledge. Human-like strat- 
egies are not necessarily the best computational 
strategies. Perhaps the biggest contribution of 
applying AI technology to developing game- 
playing programs was the realization that a 
scarch-inlensive (“beute-force”) approach could 
produce high-quality performance using minimal 
application-dependent knowledge. Over the past 
two decades, powerful search techniques have 
been developed and successfully applied to 
problems such as optimization, planning, and 
bioinformatics. The checkers proof extends this 
approach by developing a program that has little 
iced for application-dependent knowledge and is 
almost completely reliant on search. With ad- 
vanced AI algorithms and improved hardware 
(faster processors, larger memories, and larger 
disks), it has become possible to push the limits 
‘on the type and size of problems that can be 
solved. Even so, the checkers search space (5 * 
10") represents a daunting challenge for today's 
technology. 

‘Computer proofs in areas other than games 
have been done numerous times. Perhaps the 


best known is the four-color theorem (9). This 
deceptively simple conjecture—that given an 
arbitrary map with countries, you need at most 
four different colors to guarantee that no two 
adjoining countries have the same color—has 
been extremely difficult to prove analytically. In 
1976, a computational proof was demonstrated. 
Despite the convincing result, some mathem- 
ticians were skeptical, distrusting proofs that had 
not been verified using human-<lerived theorems. 
Although important components of the checkers 
proof have been independently verified, there 
may be skeptics. 

‘This article describes the background behind 
the effort to solve checkers, the methods used for 
achieving the result, an argument that the result is 
‘correct, and the implications of this research, The 
‘computer proof is online (10), 

Background, The development of strong 
‘checkers program began in the 1950s with Arthur 
Samuel's pioneering work in machine leaming, 
In 1963, his program played a match against a 
capable player, winning a single game. This 
result was heralded as a triumph for the fledgling 
field of Al, Over time, the result was exagger- 
‘ted, resulting in claims that checkers was now 
“solved” (3), 

‘The Chinook project began in 1989 with the 
goal of building a program capable of challeng- 
ing the world checkers champion, In 1990, 
‘Chinook eamed the right to play for the World 
‘Championship. In 1992, World Champion Marion 
Tinsley narrowly defeated Chinook in the title 
match. In the 1994 rematch, Tinsley withdrew 
‘part way due to illness. He passed away cight 
months later, By 1996 Chinook was much 


Fig. 1. Black to play and draw. (Top) Standard 
starting board. (Bottom) Square numbers used 
for move notation. 
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stronger than all human players, and with faster 
processors this gap has only grown (3). 

Tinsley was the greatest checkers player that 
ever lived, compiling an incredible record that 
included only three lasses in the period from 
1950 to 1991, The unfinished Tinsley match left 
the question unanswered as to who was the better 
player. If checkers were a proven draw, then a 
“iperfoct” Chinook would never lose. As great as 
Tinsley was, he did occasionally make losing 
oversights. Hence, solving checkers would once 
and forall establish computers as better checkers 
players than all (fallible) humans. 

Numerous nontrivial games have been 
solved, including Connect Four (6, 11), Qubic 
(6), Go-Moku (6), Nine Men's Morris (12), and 
‘Avari (8). The perfectplay result and a strategy 
for achieving that result is known for these 
‘games. How difficult is itto solve a game? There 
are two dimensions to consider (6): (i) decision 
complexity, the difficulty of making comoct 
move decisions, and (ji) space complexity, the 
size of the search space. 

Checkers is considered to have high deci- 
sion complexity (it requires extensive skill t0 
make strong move choices) and moderate 
‘space complexity (5 * 10") (Table 1). All the 
‘games solved thus far have either low decision 
complexity (Qubic and Go-Moku), low space 
complexity (Nine Men's Morris, size 10", 
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and Awari, size 10"), or both (Connect Four, 
size 10"), 

Solving checkers. Checkers represents the 
‘most computationally challenging game solved 
to date. The proof procedure has three algorithm/ 
data components (3): (i) Endgame databases 
(backward search). Computations from the end 
of the game back toward the stating position 
have resulted in a database of 3.9 = 10"* positions 
(all positions with <10 pieces on the board) for 
which the game-theoretic value has been com- 
puted (strongly solved) (i) Proof-tree manager 
(forward search). This component maintains a 
tree of the proof in progress (a sequence of moves 
and their best responses), traverses it, and 
generates positions that need to be explored to 
funher the proof's progress. (ii) Proof solver 
(forward search). Given a position to search by 
the manager, this component uses two programs 
to determine the value of the position. These 
programs approach the task in different ways, 
thus increasing the chances of obtaining a useful 
result. Figure 2 shows the forward and backward 
search interactions in the checkers search space. 

In the manager, the proof tree can be hand- 
seeded with an initial line of play. From the 
literature (14), a single “best” line of play was 
identified and used to guide the intial foray of the 
manager into the depths of the search tree. 
‘Although not essential for the proof, this is an 


4 
B 


Fig. 2. Forward and backward search. The number of pieces on the board are plotted (vertically) versus 
the logarithm of the number of positions (Table 1). The shaded area shows the endgame database part of 
the proof—i., all positions with <20 pieces. The inner oval area shows that only a portion of the search 
space is relevant to the proof, Positions may be irrelevant because they are unreachable or are not 
‘required for the proof. The small open circles indicate positions with more than 10 pieces for which a 
value has been proven by a solver. The dotted line shows the boundary between the top of the proof tree 
that the manager sees (and stores on disk) and the parts that are computed by the solvers (and are not 
saved in order to reduce disk storage needs) The solid seeded line shows a “best” sequence of moves. 
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iniportaod porfortaice eihancetnent. 1 allows 
the proof process to immediately focus its work 
‘on the pats of the search space that are likely to 
bbe relevant. Without it, the manager may spend 
tunnecessary effort looking for an important 
to explore. The line leads from the start of the 
‘game into the endgame databases (Fig. 2), 

Backward search. Positions at the end of the 
‘game can be searched and their win/lassidraw 
value determined, The technique is called retro- 
‘grade analysis and has been successfully used for 
many games, The algorithm warks backward by 
starting at the end of the game and working 
toward the start, It enumerates all one-piece posi- 
tions, determining ther value (in this case a trivial 
win for the side with the piece). Next, all two- 
piece positions are enumerated and analyzed, The 
analysis for each position eventually leads 0 a 
‘one-piece position with a known value, oF a re- 
peated positon (draw). Next, all the three-piece 
‘Positions are tackled, and so forth (SOM text), Our 
‘program has computed all the positions with <10 
pieces on the board. The endgame databases are 
‘crucial to solving checkers. The checkers forced- 
‘capture rule quickly results in many pieces being 
removed from the board, giving rise to a position 
with <10 picces—and a known value. 

‘The databases contain the winvloss/draw result 
for « position, not the number of moves to wit 


Table 1. The number of positions in the game of 
checkers. For example, the possible positions for 
‘one piece include 32 squares fr the Black king, 32 


z ‘squares for the White king, 28 squares for a Black 
a checker, and 28 squares for a White checker, fora 

- ‘otal of 120 positions 

ir Pieces Number of positions 
i 120 
2 6972 
3 261,224 
4 7,092,774 
Number ot 5 148,688,232 
6 2,503,611,964 
1 Procos 7 34,779,531,480 
i 8 406, 309,208,481 
Hil 9 4,048 627,642,976 
hai 10 34,778,882,769,216 
i - Total 1-10 39,271,258,813,439 
i nu 259,669,578,902,016 
n 1,695,618,078,654,976 
B 9,726,900,031,328,256 
4 49,134,911,067,979,776 
5 216,511,510,918,189,056 
16 '852,888,183,557,922,816 
. v 2,905,162,728,973,680,640 
Reewens Wecae hens a8 8,568,043,414,939,516,928 
w 21,661,954,506, 100,113,408 
20 146,352,957,062,510,379,008 
a 82,459,728 874,435,248,128 
2 118,435, 747,136,817,856,512 
23 129,406, 908,049,181,900,800 
24 90,072,726,844, 888,186,880 
Total 1-24 _500,995,484,682,336,672,639 
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loss. Independent research has discovered a 10- 
piace database position requiring a 279-ply move 
sequence to demonstrate forced win (a ply is one 
‘move by one player) (15). This is a conservative 
‘bound; the win Length has not been computed for 
the more difficult (and more interesting) database 
positions, 

The complete 10-picce databases contain 39 
trillion positions (Table 1), They are compressed 
into 237 gigabytes, an average of 154 positions 
pper byte, A custom compression algorithm was 
used that allows for rapid localized real-time 
decompression (/6), This means that the back- 
‘ward and forward search programs can quickly 
extract information from the databases, 

The first databases, constructed in 1989, were 
for less than or equal to four picces. In 1994, 
Chinook used a subset ofthe eight-piece database 
for the Tinsley match (3). By 1996, the eight- 
piece database was completed, giving rise 
hhope that checkers could be solved. However, the 
problem was stil too hard, and the effort came to 
4 halt. In 2001, computer capabilities had in- 
creased substantially, and the effort was restarted. 
IL took 7 years (1989 to 1996) to compute the 
original eight-piece databases; in 2001 it took 
‘only a month, In 2005, the 10-picce database 
‘computation finished. AC this point, all computa- 
tional resources were focused on the forwand 
search effort. 

Forward search. Development of the for- 
ward search program began in 2001, with the 
production version up and running in 2004, The 
forward search consists of two parts: the proof 
‘tree manager, which builds the proof by identify- 


ing positions that need to be assessed, and the 
proof solvers, which search individual positions. 

‘The manager maintains the master copy of 
the proof and uses the Proof Number search 
algorithm (6) to identify a prioritized list of po- 
sitions that need to be examined. Typically, sev- 
cral hundred positions of interest are generated at 
8 time so as to keep multiple computers busy. 
Over the past year, we used an average of SO 
‘computers simultaneously. 

‘The solvers get a position to evaluate from the 
‘manager. The result of a position evaluation can 
be proven (win, loss, or draw), partially proven 
(at least a draw, at most a draw), or heuristic (an 
estimate of how good or bad a position is). 
Proven positions need no further work: partially 
proven positions need additional work if the 
manager determines that a proven value is 
needed. If no proven information is available 
then the solver retums a heuristic assessment of 
the position, The manager uses this assessment 0 
prioritize which positions to consider next. The 
manager updates the proof tree with the new 
information, decides which positions need further 
investigation, and generates new work to do. This 
process is repeated until a proven result for the 
game is determined. 

The solver uses to search programs 10 
evaluate a position. The first program (tangeted 
at 15 s, but sometimes much longer) uses 
Chinook to detemniine a heuristic value for the 
Position (alpha-beta search to nominal search 
depths of 17 to 23 ply). Occasionally this search 
determines that the position is a proven win or 
loss. Chinook was not designed to produce a 


Table 2. Openings solved. Shown are the opening moves (using the standard square number scheme in 
Fig. 2, bottom), the resuit,the number of postions given to the solvers, and the position farthest from the 
start of the game that was searched (Max pl). The last two columns give the size and ply depth of the 
‘pruned minimal proof tree. Note that the total does not match the sum of the 19 openings. The combined 
tree has some duplicated nodes, which have been removed when reporting the total. 


No. Opening Proof Searches Max ply Minimal size Max ply 
1 09-13 22:17 13-22 Draw 56 27509755 
2 09-13 21-17 05-09 Draw 154 684,403 8S 
3 09-13 22-18 10:15 Draw 103 265,745 58 
4 09-13 23-18 05-09 Draw = 671,948 119 27437698 
5 09-13-23-19 11-16 Draw 964,193 85 358544071 
6 09-13 28-19 11-15 Draw 554,265 53 222749 
7 09-13 24-2011-15 Draw 1,058,328 59 339,562 58 
a 09-14 23-18 14-23 <Draw 2,202,533 77 573,735 75 
9 10-14 23-18 14-23 <Draw 1,296,790 58 33617555 
10 10-15 22-18 15-22 <Draw 543,603 60 104882041 
11 12-15 22-18 15-22 <Draw 19,598 67 30131059 
12 11-16 23-19 16-23 <Draw 1,969,641 69 565,202 68 
3 12-16 26-19 09-13 Loss. 205385 48 4959340 
14 12-16 24-19 09-14 <Draw 6127945 2339648 
15 12-16 24-19 10-14 <Draw 232831 any 1 
16 12-16 24-19 10-15 <Draw 3147335 13,465 35 
7 12-16 24-19 11-15 <Draw 23,803 34 973034 
18 12-16 24-19 16-20 <Draw 203,353 49 1321049 
19 12-16 24-19 08-12 <Draw 266,928 49 107,109 49 
Overall Draw Total Max Total = Max 
15123711154 3,301,807 94 
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proven draw, only a heuristic draw; demonstrat- 
ing proven draws in a heuristic search seriously 
degrades performance. 

The alpha-beta search algorithm is the main- 
stay of game-playing programs, The algorithm 
does a depth-first, leftio-right traversal of the 
search tee (/7) (SOM text). The algorithm 
propagates heuristic bounds on the value of a 
position the minimum value that the side about 
to move can achieve and the maximum value that 
the side about fo move can be limited to by the 
‘opponent. Lines of play that are provably outside 
this range are imelevant and can be eliminated 
(cut off). A d-ply search with an average of b 
moves to consider in every position results in a 
tree with roughly 4 positions. In the best case, 
the alpha-beta algorithm only needs to exami 
roughly 6“ positions (/6). 

I'Chinook does not find proven result, then 
«8 second program is invoked (100 5). It uses the 
DfEpn algorithm (/8), a space-efficient variant of 
Proof Number search, The search retums a 
proven, partially proven, oF unknown result. 

Algorithms based on proof numbers maintain 
‘a measure ofthe difficulty of proving a position. 
This difficulty is expressed as a proof number, a 
lower bound on the minimum number of posi 
tions that need to be explored to result in the 
position being proven, The algorithm repeatedly 
‘expands the tree below the position requiring the 
Jeast effort to affect the original position (a “best- 
first” approach). The result of that search is 
‘propagated back up the tree, and a new best can- 
didate to consider is determined, Proof number 
search was specifically invented to facilitate the 
proving of games. The Dfpn variant builds the 
search tree in a depth-first manner, requiring less 
‘computer storage. 

Iterative search algorithms are commonplace 
in the Al literature. Most iterate on search depth 
(first ply, then 2, then 3, etc). The manager uses 
the new approach of iterating on the error in 
Chinook’s heuristic scores (13), The manager 
uses a threshold, f, and temporarily assumes that 
all heuristic scores >r are wins and all scores $1 
‘are losses. I then proves the result given this as- 
‘sumption. Once completed, is increased to A, 
and the process is repeated. Eventually reaches, 
‘the value of a win and the proof is complete. This 
iterative approach concentrates the effort on 
forming the outline ofthe proof with low values 
‘ft, and then fleshing out the details withthe rest 
of the computation, 

‘One complication is the graph-history inter 
ction (GHD problem, It is possible to reach the 
‘same position through two different sequences of 
moves. This means that some draws depend on 
the moves played leading to the duplicated 
position, In standart search algorithms, GHI 
may cause some positions to be incomvetly 
inferred as draws. Part of this research project 
was to develop an improved algorithm for 
addressing the GHI problem (19). 

Correctness. Given 2 computation that has 
‘un for so long on many processors, an important 
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{question to ask is “Are the results comect?” Early 
fon in the computation, we realized that there 
‘were many potential sources of errors, including 
algorithm bugs and data transmission emors. 
Great care has been taken to eliminate any pos- 
sibility of error by verifying all computation 
results and doing consistency checks. As well, 
some of the computations have been indepen- 
dently verified (SOM text). 

Even if an error has erept into the caleula- 
tions, it likely does not change the final result. 
‘Assume a position that is 40 ply away from the 
start is incorrect, The probability that this er- 
oneous result can propagate up 40 ply and 
change the value for the game of checkers is 
vanishingly small (20). 

Results. Our approach to solving the game 
‘was to determine the game-theoretic result by 
doing the least amount of work, In tournament 
checkers, the standard starting position (Fig. 1, 
top) is considered “boring,” so the first three 
moves (ply) ofa game are randomly chosen atthe 
‘start, The checkers proof consisted of solving 19 
three-move openings, leading to a determination 
of the starting position’s value: a draw. Although 
there are roughly 300 three-move openings, more 
than 100 ane duplicates (move transpositions). 
‘The mest can be proven to be imelevant by an 
alphabeta search, 

Table 2 shows the results for the 19 openings 
solved to determine the perfect-play result for 
checkers. (Other openings have been solved but 
are not included here.) After an opening was 
proven, a postprocessing program pruned the tree 
to climinate all the computations that were not 
part of the smallest proof tree. In hindsight, the 
‘pruned work was unnecessary, but it was not $0 
at the time when it was assigned for evaluation. 
Figure 3 shows the proof tre for the first 3 ply. 

The leftmost move sequence in Fig. 3 is as 
follows: Black moves from 09 to 13 (represented 
using the standard checkers notation 09-13), 
White replies with 22-17, and then Black moves 
13-22. The resulting position has been searched 
and shown to bea draw (opening line | in Fig. 3). 


‘That means the position afer 22-17 is also-a draw, 
given that there is only one legal move available 
(13-22) and itisa proven draw. What isthe value 
‘of the position affer Black moves 09-13? To 
‘determine this, all possible moves for White have 
to be considered. The move 22-17 guarantees 
White a least a draw (at most a draw for Blick). 
But itis possible that this position is a win for 
White (and a loss for Black). The remaining 
moves (21-17, 22-18, 23-18, 23-19, 24-19, and 
24-20, opening lines 2 to 7 in Fig. 3) are all 
shown 10 be at least a draw for Black. Hence, 
White prefers the move 22-17 (00 worse than any 
‘other move). Thus, 09-13 leads to a draw (White 
will move 22-17 in response). 

Given that 09-13 is a draw, it remains to 
‘demonstrate thatthe other opening moves cannot 
win for Black. Note that some openings have a 
proven result, whereas for others only the partial 
result that was necessary for the proof was 
computed. The number of openings is small 
because the forced-capture rule was exploited. 
Opening tines 13 10 19 in Fig. 3 are nesded to 
prove that the opening 12-16 is not a win. Ac- 
‘wally, one opening would have sufficed (12-16, 
23-19, and 16-23). However, human analysts 
‘consider this line to be a win for Black, and the 
Preliminary analysis agreed. Hence, the seven 
‘openings beginning with the moves 12-16 and 
24-19 were proven instead. This led to the least 
amount of computing. 

There is anecdotal evidence thatthe proof te 
is comect. Main lines of play were manually 
compared to human analysis (/4), with no eros 
found in the computer's results (unimportant 
errors were found in the human analysis) 

The proof tree shows the perfect lines of play 
needed 10 achieve a draw. Ifone side makes a 
Josing mistake, the proof tee may not necessarily 
show how to win. This additional information is 
not necessary for proving the draw result. 

‘The stored proof tree is only 10” positions. 
Saving the entire proof tree, from the start of the 
zame so that every line ends in an endgame 
database position, would require many tens of 


[ooralfto-s [rs-n5] [4-4 
alse) ealleo||ee 
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Fig. 3. The first three moves of the checkers proof tree. Move sequences are inated ay (a 
notation from Fig. 18, with the from-square and to-square of the move separated by a hyphen. The 
result of each position is given for Black, the first player to move (=D, a proven draw; =L, a proven 
loss; <=D, loss or draw; and >=D, draw or win). In some positions, only one move needs to be 
considered; the rest are cut off, a indicated by the rotated “T”. Some positions have only one legal 


‘move because of the forced-capture rule. 
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terabytes, resources that were not available, 
Instead, only the top of the proof tree, the 
information maintained by the manager, is stored 
‘on disk. When a user queries the proof, if the end 
‘of a line of play in the proof is reached, then the 
solver is used to continue the line into the 
databases. This substantially reduces the storage 
rnceds, a the cost of recomputing (roughly 2 min 
per search), 

The longest ine analyzed was 154 ply, The 
position at the end of this line was analyzed 
bby the solver, and that analysis may have gone 
20 oF more ply deep. At the end of this analysis 
isa database position, which could be the result 
of several hundred ply of analysis. This 
provides supporting evidence of the difficulty 
‘of checkers for computers and humans, 

How much computation was done in the 
proof? Roughly speaking, there are 10” positions 
in the stored proof tree, cach representing 
search of 10” positions (relatively small because 
of the extensive disk operations). Hence, 10" isa 
‘good ballpark estimate of the forward search 
effort. 

‘Should we be impressed with “only” 10" 
‘computations? At one extreme, checkers could 
be solved using storage—build endgame data 
‘bases for the complete search space. This would 
require $ * 10°” data entries. Even an excellent 
‘compression algorithm might only reduce this to 
10" bytes, impractical with today's technology. 
This also makes it unlikely that checkers will 
soon be strongly solved. 

‘An alternative would be to use only 
computing—ie, build a search tree using the 
alpha-beta algorithm. Consider the following un- 
reasonably optimistic assumptions: number of 
moves to consider is eight in noncapture posi- 
tions, a game lasts 70 ply, all captures are of a 
single piece (23 capture moves), and the alpha- 
beta search does the least possible work, The 
‘assumptions result in a search troe of 8729 = 
8°” states, The perfect alpha-beta search will 
hhalye the exponent, leading toa search of roughly 
87? = 10". This would take more than lifetime 
to search, given current technology. 

Conclusion. What is the scientific signifi- 
ccance of this result? The early research was 
devoted to developing Chinook and demonstrat. 
ing superhuman play in checkers, 1 milestone 
that predated the Deep Blue success in chess. The 
‘project has been a marriage of research in Al and 
parallel computing, with contributions made in 
bboth of these areas. This research has been used 
bby a bioinformatics company; real-time access of 
very large datasets for use in parallel search is as 
relevant for solving a game as itis for biological 
‘computations. 

The checkers computation pushes the bound- 
‘ary of what can be achieved by search-intensive 
algorithms. It provides compelling evidence of 
the power of limited-knowledge approaches to 
artificial intelligence. Deep search implicitly 
uncovers knowledge. Furthermore, search algo- 
rithms are well poised to take advantage of the 
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increase in on-chip parallelism that multicore 
computing will soon offer. Search-intensive 
approaches to AI will play an increasingly 
important role in the evolution of the field. 

With checkers finished, the obvious question 
is whether chess is solvable. Checkers has 
roughly the square mot of the number of 
Positions in chess (somewhere in the 10” to 
10” range). Given the effort required to solve 
checkers, chess will remain unsolved for a long 
time, barring the invention of new technology. 
The disk-fipping game of Othello is the next 
‘popular game thats likely to be solved, but itwill, 
require considerably more resources than were 
needed to solve checkers (7). 
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Some Toll and Toll-like receptors (TLRs) provide immunity to experimental infections in animal 
‘models, but their contribution to host defense in natural ecosystems is unknown. We report a 
dominant-negative TLR3 allele in otherwise healthy children with herpes simplex virus 1 (HSV-2) 
‘encephalitis. TLR3 is expressed in the central nervous system (CNS), where itis required to 
control HSV-1, which spreads from the epithelium to the CNS via cranial nerves, TLR3 is also 
‘expressed in epithelial and dendritic cells, which apparently use TLR3-independent pathways to 
prevent further dissemination of HSV-1 and to provide resistance to other pathogens in 
TUR3-deficient patients. Human TLR3 appears to be redundant in host defense to most microbes 
‘but is vital for natural immunity to HSV-1 in the CNS, which suggests that neurotropic viruses have 


Contributed to the evolutionary maintenance of TLR3. 


he contribution of Toll and Toll-like re- 

‘ceptors to immunity has bean studied ex- 

tensively in the past decade. Toll-deticient 
Drosophila were shown to be susceptible to ex- 
perimental infections with certain fungi in 1996 
(2), and a Tollelike receptor 4 (TLR4) null muta- 
‘ton in mice resistnt to lipopolysaccharide (LPS) 
‘but susceptible to certain Gram-negative bacte- 
ria was identified in 1998 (2). Mice deficient 
for individual TLRs have since been generated 
and shown to have diverse infectious pheno- 
types, from susceptibility to resistance, depending 
‘on the TLR-pathogen combination (3). How= 
ever, it remains unclear whether TLRs play 
nonredundant roles—beneficial or detrimental: 
in natural, as opposed to experimental, infections. 
This biological question is important, because 
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natural selection acts on a. given species in the 
setting of natural (rather than experimental) eco- 
systems. The human model is particularly suit- 
able for analyses of the relevance of genes such 
as those of TLRs to host defense in natural eco- 
systems (4). Nevertheless although many studies 
have suggested that TLR genes are involved in 
human infectious diseases, this has not been un- 
ambiguously demonstrated (5). In particular, no 
Primary immunodeficiency involving TLRs has 
boon identified. 

The discovery of inherited inticukin | receptor. 
associated kinase-+ (IRAK-4) deficiency in 
children with bacterial diseases implicated hu- 
man TLRs, interieukin-1 receptors (IL-IRs), oF 
both in host defense (6, 7). However, the narrow 
range of infections documented in such patients 


indicates that IRAK-4- dependent, TLR-mediated 
immunity is redundant for protective immunity to 
most microbes, In particular, IRAK-4- deficient 
patients are not susceptible to herpes. simplex 
virus 1 (HSV-1) encephalitis (HSE). In HSE, 
HSV-1 infects epithelial cells in the oral and nisl 
riveost and progresses to the central nervous 
system (CNS) via the trigeminal or olficory 
nerves (8). A genetic etiology of HSE was found 
in two children who lacked functional UNC-93B 
(9), an endoplasmic reticulum protein required 
for TLR3, TLR7, TLRS, and TLR9 signaling 
(U0). Both UNC-93B- and IRAK-4 deficient 
Patients fail to signal through TLR7, TLRS, and 
‘TLR9, but unlike IRAK-1-deficient patients (7), 
UNC-93B-deficient patients display impaired 
TLR3-ependent interferon (IFN-a) -B, and 
[production (9). Moreover, HSV-1 isa double- 
‘stranded DNA virus with double-stranded RNA 
(dsRNA) intermediates (1/), and TLRS recog: 
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nizes dsRNA (12), Finally, TLR3 is expressed in 
‘CNS+residont cals (/3-15) and peripheral nerves 
(U6). Collectively, these observations suggest that 
impaired TLR3-lependent induction of IFN-c, 8 
and -2 might be involved in HSE, 

‘A heterozygous TLR3 mutation in two chil- 
dren with HSE. We investigated two unretated 
French children (PI and P2) with HSE (SOM 
Text, note 2), UNC-93B deficiency was ex- 
cluded on genetic and immunological grounds 
(fig. S1, A to D), Leukocytes and fibroblasts 
from P! and P2 harbored the same heterozygous 
substitution (CT) in TLR3 at nucleotide 
position 1660 (¢.1660C>T) (Fig. 1, A and B). 
‘The two kindreds represent independent muta- 
tional events because the (wo PSS4S mutations 
‘were in different TLR3 haplotypes. The muta- 
tion leads to the replacement of a proline (P) 
by a serine (S) at residue 554 (PSS4S) (Fig. 
1C), PSS4S has not previously been described 
(U7, 18) and was not found in any of the 1581 
‘unrelated healthy individuals examined (3162 
chromosomes), including 241 Europeans. Res- 
idue PSS4 of TLRS is conserved in the 18 ani- 
‘mal species studied (Fig. 1D). The extracellular, 
ligand-binding domain of TLR3 contains 23 
contiguous leucine-rich repeats (LRRs) forming 
4 Large, horseshoe-shaped solenoid (Fig. 1E) (19). 


Fig. 1. Heterozygous A 
TLR3 PSS4S mutation 
in two unrelated chit- 
dren with HSE. (A) Fam- 
ily pedigrees, with allele 
‘segregation in the two 
families. The patient, in 
‘black, are heterozygous 
for the mutation. The 
cother family members 
‘heterozygous for the mu- 
tation are indicated by 
bold. vertical tines. (B) 
Heterozygous €.1660C>T 
‘mutation in the patients 
The sequence ofthe poly- 
merase chain reaction 
products of genomic ONA 
from leukocytes of a 
control (C) and P21 (P) is 
shown, The mation was 
confirmed in genomic 
DNA and cDNA from 
leukocytes and_fibro- 
blasts. (© Schematic rep- 
‘resentation of TLR3 gene 
structure. Human TLRF 
‘has five exons (Roman 
numerals) encoding a 
protein (shown in gray) 


‘composed of a leader sequence (1), an LRR domain, a transmembrane (TM) 
domain, and a TolVinterleukin-1 receptor (TIR) domain. The various LRR 
‘motifs, the N-terminal cap, and the C-terminal cap of the LRR domain are 
separated by dotted vertical lines, and the two LRRS with an insertion are 
indicated by asterisks. The ¢.1660C>T mutation results in a profine (P) to 
serine (6) substitution at amino acid position 554 (P5545) in LRR2O. (D) 
LRRZO of TLR3 in humans and the corresponding region in the other 17 
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PSS4 anchors the TLR3-specific insertion of 
residues 544 to 554 in LRR20 (Fig. 1E) (19, 20, 
‘This region is thought to be aritcal for dsRNA 
binding to TLR3 (20) and TLR3 multimeriza- 
tion (/9). Three relatives of PL and two of P2 
were also heterozygous for the mutation (Fig. 
1A), They were HSV-1 seropositive but had not 
suffered fiom HSE, which suggests that the 
PSS4S TLR3 mutation conféed an autoscmal 
‘dominant predisposition 19 HSE with incom- 
plete clinical penetrance. 

Impaired responsiveness of fibroblasts to 
poly0:0 stimulation. We derived dermal fibro- 
biastic cell lines, which selectively express TLR3 
(P), from patients and controls. The TLR3 ago- 
nist polyinosine-polycytidylic acid. [paly(:O)), 
which mimics dsRNA (12), induced IFN-8, -A, 
tnd IL-6 in a dose- and time-dependent man- 
ner in all control fibroblasts but not in the 
TLR3 deficient fibrosarcoma P2.1 cell line (SOM 
‘Text, note 1) (Fig. 2A and fig. S2A), Primary 
and simian virus 40 (SV40)-transfomied fibro- 
blasts from PI and P2 displayed only a resid- 
tual response at high concentrations of poly(L:C) 
and late time points (Fig. 2A). 1L-6 induction 
was less impaired. The induction of IFN-f and 
-h mRNA production by poly(I:C) was marked- 
ly weaker in PI fibroblasts (fig. S2B), Both 
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‘nuclear factor kappa B (NF-xB) (Fig. 2B) and 
TFN regulatory factor3 (IRF-3) (Fig. 2C) ac- 
tivation were impaired in response to poly(t 
jn the patients’ fibroblasts, which responded 
nomally to tumor necrosis factor-c (TNF-a) 
and IL-If (Fig, 2B and fig. S2C), NF-xB es- 
sential modulator (NEMO)-deficient fibroblasts 
(SOM Text, note 1) did not respond to poly(:C), 
IL-8, or TNF-a (Fig. 2B), and UNC-93B. 
deficient fibroblasts (9) did not respond to poly 
(0) (Fig, 2C). Finally, all tested relatives 
camying the TLR3 mutation, but none of the 
relatives without this mutation, displayed. im- 
paired responses 10 poly(L:C) (fig, $2D). The 
cosegregation of genotype and fibroblastic 
phenotype suggests that heterozygosity for the 
PSS4S TLRS allele confers autosomal dominant 
hhyporesponsiveness to poly(:C) in fibroblasts. 
Dominant-negative effect of the P5545 
TLR3 allele in fibroblasts. TLR3 multimerizes 
‘upon binding dsRNA, and several TLR3 mu 
‘tants are dominant negative (20-22), which sug- 
‘gests that the PSS4S mutation may be dominant 
negative. TLR3 mRNA is produced in normal 
‘quantities (Fig. 2D) in the patients’ fibroblasts 
(fig. S2E), and the wildtype (WT) and PSS4S 
TLR3 mRNAs were equally sbundant (fig. S2F). 
Stable transfection of P2.1 cells with C-terminal 


wriseeocst 


species studied, with the insertion indicated. The amino acids conserved in 
the insertion in all these species are shaded in gray. (E) Two views of the 
‘human TLRS ectodomain (ECD) surface. H539 and NS42 (eft, implicated in 
ligand binding, and P554 (ight) are shown in magenta. “Ins” refers to the 
‘eight residues from W546 to G53 in the TLR3-specific insertion 544 to 554 
of the LRR20, and is shown in dark gray. Glycan is shown in yellow, and the 
CC terminus of the TLR3 ECD is at the bottom. 
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‘hemagglutinin (HA)-tagged WT TLR3, but not 
with PSS4S TLR3, restored the cell response to 
poly(L:C), as measured by IEN-B (fig. S2G) and 
IFN-A production (Fig. 2E). Both WT and P5S4S 
TLR3 mRNAs were detected (Fig. 2F). The 
PSS4S TLR3 protein had a lower molecular 
‘weight than the WT, as shown by Westem blot- 
ting with two antibodies that specifically recog- 
nize the TLR3 N-terminal ectodomain, but not 
‘with an antibody to C-terminal-tagged HA (Fig. 
2G), Upon transient transfection of control fibro- 
blasts with various ritios of mock vector and 
PSS4S TLLR3 allele, the response to poly(l:C) de- 
creased as the proportion of PSS4S TLR3 allele 
increased (fig. S2H). Moreover, contol fibroblasts 
stably transfected with the PSS4S TLR? allele lost 
their ability 1 respond w poly([:C) (Fig. 2H). 
‘These observations were extended to P2.1 recipient 
cells (SOM Text, note 3). The PSS4S TLR3 protein 
is thus Cerminally truncated, loss-of-function for 


poly(LC) responsiveness, and dominant negative 
jn dermal fibroblasts and the fibrosarcoma P2.1 cell 
Fine, t least for IFN induction. 

Impaired IFN-dependent control of viruses 
in TLR3-deficient fibroblasts. UNC-93B. 
deficient fibroblasts produce little IFN-B and -% 
upon viral stimulation, resulting in high levels of 
Viral replication and cell death (9). We therefore 
infected TLR3-heterozygous fibroblasts with 
HSV-I and another neurotropic virus, vesicular 
stomatitis virus (VSV)—a highly cytopathic virus 
and potent IFN inducer in human fibreblasts 
IEN-B and - production after infection with 
‘SV and HSV-1 was markedly weaker in fibro- 
biasts from the patients han in those fram con 
trols (Fig. 3, A and B). Six hours after VSV 
infection, viral replication rates were higher in PI 
<cells—as in Stat-I-deficient (23) and UNC-93B. 
deficient (9) cells—than in controls (Fig. 30). 
Call survival was also markedly lower for the 


patients than the controls and was similar to that 
for UNC-93B- and Stat-1-deficient cells after 24 
hours of VSV and 96 hours of HSV-1 infection 
(Fig. 3D). Treatment with IFN-« or IFN-8 com 
pplemanted the phenotype of TLR3- and UNC- 
93B-deficient, but not Stat-I-deficient, cells 
(Fig. 3, C and E) in a dose-dependent manner 
(fig. $3). IFN. also partially complemented the 
albeit less effectively than IFN-a a 
IFN (Fig. 36), Our results thus demonstrate a 
causal rdationship between heterozygosity for 
the PS44S TLR3 mutation, impaired TLR3 sig- 
naling, sbnormally weak IFN-a/f and -A produc- 
tion, enhanced viral replication, and higher levels 
‘of fibroblast cell death upon vial infection. 
Impaired response to poly0:C) stimulation in 
MODGS, NK, and CD8 T cells. Monocyte-derived 
dendritic cells (MDDCs) (24) from PI and the 
third sibling of P2 (S3-P2), bath heterozygous for 
the TLR3 mutation, responded more weakly thin 


Fig. 2. Impaired response to poly(l:c) of fibroblasts and 
dominant-negative effect of the TLR3 P5545 allele in fibroblasts 
(A) IFN-B, -A, and IL-6 production in SV40-transformed fibro- 
blasts ($V40 fibroblasts) from a control (C), P2, P2, and a UNC- 
938-deficient (UNC-93B™") patient upon stimulation with 
various doses of pol(iC) for 12 or 24 hours, (B) NF-x8-ONA~ 
binding activity of nuclear estracts from the SV40 fibroblasts of 
a control (Q), P1, P2, and a NEMO-deficient (IP) patient upon 
‘TNF-a and IL-1 stimulation for 30 min, or poly(t:C) stimulation 
for 60 min or 90 min, as assessed by electrophoretic mobility 
shift assay. The experiment is representative of two. (C) IRF-3 
‘monomers and dimers in total cell extracts from SV40 fibroblasts 
‘of a control (), Pt, P2, and a UNC-938” patient, upon poly: 
stimulation for 1 or 2 hours, as assessed by Western blotting. (D) 
TLR3 mRNA levels in SV40 fibroblasts from six controls (0 [mean 
value indicated by (~)], Pi, and P2; f-glucuronidase (GUS) was 
used for normalization. The experiment shown is representative 
‘of two (Eto G) In P2.1 cell ines not transfected (P2.2) or stably 
transfected with pUNO expression vectors carrying no insert 
(P2.1-mock), or the C-terminal HA-tagged TLA3 cDNA with the 
WT sequence (P2.1-TLR3 WT) or with the P5545 mutation (P2.1- 
‘TLR3 P5545), IFN-A. production (E) was measured after 24 hours 
stimulation with poly(l:©). The TLR3 cDNA in these cells (F) is 
shown, with the internal amplification control GAPDH; the 
‘experiment shown is representative of three. TLR3 expression in 
these cells (G) was assessed by Western blotting, using two 
antibodies to N-terminal TLR3 [ant-TLR3 (N) Ab1 and anti-TLR3 
(N) Ab2] and an antibody to C-terminal-tagged HA. The ex- 
periment shown is representative of six. The recombinant TLR3 
ECD protein was used as a postive control forthe antibody. The 
internal expression control was glyceraldehyde-phosphate de- 
hydrogenase (GAPDH). (H) IFN-A production, in a control SV40- 
fibroblast cell tine, stably transfected with an empty vector 
(C-mock), a C-terminal HA-tagged pUNO-TLR3 WT vector 
(C-TLR3 WN, or an HA-tagged pUNO-TLR3 vector containing 
‘the P5545 mutation (C-TLR3 P5545) upon stimulation with 
various doses of poly(l:C) for 12 or 24 hours. In (A), (E) and (H), 
‘the production of IFNs and IL-6 was measured by enzyme-linked 
‘immunosorbent assay (ELISA). Mean values #5D were calculated 
from three independent experiments. 
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control cells to poly(I:C) but responded normally 
to LPS and R-848 in terns of IFN-B, IFN-2, and 
IL-12p40 production (Fig. 4) and CD40, CD80, 
and CD86 up-regulation (fig. S4A). We tested 
leukoeyte subsets ex vivo to gain further insight 
into HSE. pathogenesis. Unlike purified natural 
killer (NK) xls from contmls (25), the patients’ 
INK cells barely responded to poly(LC) (Fig. 4B) 
‘but responded nommully to K562 (Fig. 4B and 
‘SOM Text, note 4), Nevertheless, the known pa- 
tients with inherited NK deficiency were not prone 


to HSE (9, 26). We dif not test 7% T cells, but 
unlike CD8 a T cells 27) from contol, calls 
from P2 and ber father, both heterozygous for the 
P5348 mutation, responded weakly to poly(:C) 
‘estimulation (fig. S4C) but normally to costim- 
ulation with CD28 (fig. SHC). However, the 
known CD8- and HLA-I-deficient patients did 
‘ot present HSE (28). Although affected by the 
TLR3 mutation, the contribution of NK and CDS 
T cedils to the pathogenesis of HSE in TLR3- 
heterozygous children is probably modest. 
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Fig. 3. High levels of viral replication and cell mortality in fibroblasts from the patients and rescue 
by treatment with IFN-a, -B, -2. (A and B) IFN-3 and -A production, measured by ELISA, by SV40 
fibroblasts from controls (C), P1, and P2 after 24 hours of VSV (A) or HSV-1 (B) stimulation. Mean 
values +50 were calculated from six independent experiments with three different controls. (C) VSV 
titers, estimated on Vero cells, in SV40 fibroblasts from healthy controls (C), Pi, a UNC-938 ~~ 
patient, and a Stat1-deficient (Stat) patient, at various times after VSV infection with or without 
18 hours of pretreatment with IFN-c. Mean values +50 of two independent experiments with two 
different controls are shown. (D and E) Live cell percentages, estimated by resazurin oxidation’ 
reduction, for SV40 fibroblasts from a healthy control (C), P2, P2, a UNC-93B"", and a Stat-1~~ 
patient, 24 and 96 hours after infection with various multiplicities of infection of VSV and HSV-1. 
The cells either were not treated (0), or were subjected to pretreatment (€) for 18 hours with 
recombinant IFN-a, -B or -A and with IFN-a, -8 of -2 present during infection. Mean values +5D 
were calculated for three replicates in each experiment; one representative of three experiments 
with two different controls is shown. 
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Response of blood DCs and keratinocytes 
to poly(I:C) stimulation. Like IRAK-4~ and 
UNC-93B-deficient peripheral blood mono- 
‘nuclear cells (PBMCs) (7, 9), the patients’ cells 
responded normally to poly(L:C) in terms of 
IFN, -B and -& production (fig. SI, A to C, and 
fig. SSA). The patients’ purified myeloid DCs 
(MDCs) (24) responded nommally to poly(l:C) 
in tems of IFN-A production (Fig, 4C). More- 
‘over, IFN-a (Fig. 4D) and -2 (fig. SSB) were 
produced by poly(I:C)-stimulated purified plas- 
macytoid DCs (PDCs) from patients and con- 
trols, although PDCs are not thought to express 
TLRS (24). The lack of clinical HSV-1 dissem- 
ination, particularly by the blood, in patients 
with HSE may therefore be due tothe induction 
of IFNs by MDCs and PDCs stimulated with 
<AGRNA or other viral intermediates (29), HSV-1 
also does not spread to epithelia during or fol 
lowing HSE (9). Several epithelial cell types, 
keratinocytes in particular (30), express TLR3 
and respond to poly(L:C). TLRheterozygous ke 
ratinocytes from P2 did not respond to poly(I:C), 
as shown by measurements of IL-6 secretion 
(Fig, 4E). However, they respanded  poly(kC), 
as shown by IFN- (Fig. 4) and IL-8 (fig. SSC) 
production. The IFN-A response of the patients’ 
Keratinocytes suggested that the sensing of 
dsRNA and, possibly, other viral intermediates 
(29) in epithelial cells prevented the epithelial 
dissemination of HSV-1 in TLR3-heterozygous, 
paticnts with HSE. The poly(L:C) responsiveness 
‘of DCs and keratinocytes probably operated 
through TLR3-independent pathways (29), al- 
though we cannot exclude the possibility of 
residual TLR3 signaling or a lack of dominance 
of the PSS4S TLR3 mutant in such eels, 

‘Most viruses trigger IFNs in TLR3 hetero- 
zygous cells. The lack of other severe viral 
diseases in TLR3-heterozygous and UNC- 
‘93B-deficient patients with HSE is intriguing 
(9, 31), Our demonstration of poly(I:C) 
sponsiveness in keratinocytes and blood DCs 
is important because most viruses enter the 
hhost via the epithelium, and most forms of 
human viral encephalitis other than HSE. and 
rabies are blood-bome. We then stimulated the 
ppaticnts’ blood cells with 11 viruses (7, 9). 
TLR3deficient PBMCs displayed normal pro- 
duction of IFN-a, -B and -A, and other cyto- 
kines in response to the viruses tested (Fig. 4F 
and fig. SSD), Similarly, cells from IRAK + 
deficient patients showed normal or weak but 
detectable responses to all viruses (7). Cells 
from UNC-93B-deficient patients showed 
impaired, but not abolished, responses to 
several viruses, including HSV-1 (9). We then 
tested the responses of the patients’ fibroblasts 
to the six viruses that stimulated IFN-B and -2 
‘production in control fibroblasts. Like IRAK- 
4 -deficient fibroblasts (7), both TLR3-deticient 
and UNC93-B-deficient fibroblasts responded 
well to four of the viruses, but unlike the 
IRAK-4 deficient fibroblasts (7), they responded 
poorly to HSV-I and VSV (Fig. 4G). The in- 
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duction of IFN-a, -B, and -2 in blood cells and 
fibroblasts from TLR3-heterozygous patients, 
after stimulation with most of the viruses 
tested, was consistent with the natural resist- 
ance of these patients to most viruses other 
than HSV-1 

Concluding remarks. Afier autosomal reces- 
sive UNC-93B deficiency (9), autosomal dom- 
inant TLR3 deficiency is the second genetic 
etiology of isolated HSE to be identified. 
Because Stat-l-deticient (32) patients are also 
prone to HSE (and other infectious diseases), 
the molecular pathogenesis of HSE primarily 
involves impaired TLR3-dependent, IFN-a, -8, 
and -2. responses. Several lines of evidence also 
indicate that the pathogenic cellular mechanism 
‘underlying HSE in TLR3-heterozygous pa- 


tients involves an intrinsic defect affecting 
CNS-resident cells: the neurotropic infection 
‘of the CNS by HSV-1, the CNS-restricted clinical 
‘course of HSE, the widespread and preferential 
expression of TLR3 in the CNS, the poly(C) 
inducible production of antiviral IFNs by blood 
DCS in TLR3 heterozygotes, and the absence of 
HSE in patients with conventional primary 
immunodeficiencies. In addition to revealing 
the pathogenic mechanism and a basis for both 
molecular diagnosis and genetic counseling, 
our findings provide funher support for the 
weatment of HSE patients with IFN-a in 
addition to acyclovir (9). Interestingly, five of 
the seven TLR3-deticient individuals and one of 
the three UNC-93B-deficient individuals did 
not develop HSE after HSV-1 infection. The 


incomplete clinical penetrance of TLR3 and 
UNC-93B deficiency is consistent with the 
typically sporadic, as opposed to familia, cccur- 
rence of HSE (8, 9). Multiple factors may affect 
clinical penetrance, including age at infection 
with HSV-1, the viral inoculum, and human 
modifier genes. 

The infection of TLR3-deficient mice with 
HSV-1 has not yet been reported, but mouse 
TTLR3 appears to be largely redundant in antiviral 
immunity. TLR3leficient mice are susceptible 
to encephalomyocandits virus (EMCV) (33) and 
mouse cytomegalovins (MCMV) (34, 35), at 
least in some experimental conditions and, to a 
lesser extent, respiratory syncytial virus (RSV) 
However, TLR3-deticient mice have normal 
resistance to lymphocytic choriomeningitis virus 
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Fig. 4. Impaired response to poly(l:C) in MDDCs and NK cells but not in 
blood DCs and keratinocytes; most viruses trigger IFNs in TLR3 het 
‘erozygous blood and fibroblasts (A) IFN-8, -A, and IL-12p40 production, 
bby MDDCs from controls (C), P2, and a sister of P2 (S3-P2) heterozygous 
for the P5545 mutation. Mean values SD were calculated from the data 
for 12 controls. (B) IFN-y production, in purified NK cells from five 
controls (Q, P1, and P2, upon stimulation with poly(l:C) or KS62 for 24 
hhours in the presence of IL-12. (C) IFN-2 production in MOCs from eight 
controls (Q [mean value indicated by (-)] and a sister of P2 (53-2) 
heterozygous for the P5545 mutation. (D) IFN-a production, in POCs 
from seven controls (C) {mean value indicated by (~)] and S3-P2. (E) IL-6 
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and IFN-A production by keratinocytes from controls (C) and P2. Mean 
values +50 were calculated for two replicates in each experiment, with 
two different controls. (F) IFN-c production by PBMCs 24 hours after stim- 
ulation with intact viruses. Means +SD were calculated for the controls (O) 
from data for six healthy individuals, each tested once, for P2 (tested four 
times for HSV-1 and VSV and once for the other viruses), and for PZ (tested 
twice for all the viruses). (G) IFN- and % production, 24 hours after 
stimulation with intact viruses, in fibroblasts from controls, P2, and a UNC- 
938" patient. Mean values +5D were calculated from three independent 
‘experiments with two different controls. The production of IFNS and IL-6 was 
‘measured by ELISA in (A) to (@). 
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(LEMY), VSV, and reovirus (35). Moreover, 
TLR3-deficient mice ane resistant to influenza A 
virus (37), West Nile virus (38), and phlebovirus 
(39). Human TLR3 also appears to be largely 
redundant for antiviral immunity, as the known 
TLR3- and UNC-93B-deficient patients have 
hhad infections with numerous viruses without 
developing severe disease (9, 31). Nevertheless, 
‘human TLR3 is essential for primary immunity 
to HSV-1 in the CNS, at least in some circum 
stances, Our study provides conclusive evidence 
that an individual TLR can play a nonredundant 
role in host defense in the setting of a natural 
ecosystem, Given its ability to recognize dsRNA, 
‘human TLR3 may have been of evolutionary im- 
portance: Most patients with HSE died until the 
advent of aeyclovir in 1981 (8). As naturally oc- 
curing mutations in TLR3 may be dominant 
‘negative, itis tempting to speculate that HSV=1 
and other neurotropic viruses may have exerted 
direct selective pressure, driving the maintenance 
of human TLR3, 
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Lighting the Universe with Filaments 


Liang Gao"* and Tom Theuns*? 


‘The first stars in the universe form when chemically pristine gas heats as it falls into dark-matter 
potential wells, cools radiatively because of the formation of molecular hydrogen, and becomes self- 
‘gravitating. Using supercomputer simulations, we demonstrated that the stars’ properties depend 
critically on the currently unknown nature of the dark matter. f the dark-matter particles have intrinsic 
velocities that wipe out small-scale structure, then the first stars form in filaments with lengths on the 
‘order of the free-streaming scale, which can be ~10"° meters (3 kiloparsecs, corresponding to a 
‘baryonic mass of ~10” solar masses) for realistic “warm dark matter” candidates. Fragmentation of the 
filaments forms stars with a range of masses, which may explain the observed peculiar element 
‘abundance pattern of extremely metal-poor stars, whereas coalescence of fragments and stars during 
the filament’s ultimate collapse may seed the supermassive black holes that lurk in the centers of most 


‘massive galaxies, 


‘ost of the matter in the universe does 
M: interact with light except gravita- 

tionally. This “dark matter” is usually 
assumed to be “cold,” meaning that its velocity 
dispersion is sufficiently small for density pertur- 
‘ations imprinted in the early universe to persist 
up to very small scales. Although this model is 
able to describe the large-scale distribution of 
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galaxies in impressive detail, it may face prob- 
lems on the scale of galaxies and below: for ex- 
ample, it may predict too many satellite galaxies 
(D), as well as too-cuspy profiles for the dark- 
‘matter halos that surround galaxies (2). 

Dark matter has yet to be detected in the 
laboratory, however, and there exist many viable 
ddark-matter candidates from particle physics 
that are not cold. “Warm” dark matter (WDM) 
particles have intrinsic thermal velocities, and 
these motions quench the growth of structure 
below a “free-streaming” scale (the distance 
‘over which a typical WDM particle travels), 
Which depends on the nature of the particle. 
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Because small and dense halos do not form 
‘below the free-streaming scale, the dark-matter 
halos that surround galaxies in a WDM model 
‘have far less substructure and are less concen- 
trated as compared with their cold dark matter 
(CDM) counterparts, which may help alleviate 
both the satellite and galactic-core problems (3). 
Structures on langer scales are similar in WDM 
‘and CDM, and therefore the distribution of 
galaxies is not affected. The first generation of 
stars in the universe forms when primordial gas 
‘gets compressed by falling into small-dark- 
matter potential wells (4-7). Because WDM 
aflocts stricture formation on such smi scales, 
it may influence how the first stars formy; we have 
performed simulations to analyze this idea in 
more detail, 

Large-scale power in the spectrum of density 
Perturbations causes progenitors of presentaday 
‘clusters of galaxies to be among the first objects 
to condense out of the initially almost smooth 
‘mass distribution, We studied the early formation 
stages of such an object by identifying a massive 
cluster of galaxies in a dark-matter simulation of 
large cosmological volume at redshift == 0 and 
used a multiscale technique (8, 9) to resimulate 
its formation and evolution with the cosmologi 
cal hydrodynamics code Gadget2 (9, 10). Bary- 
‘ons compressed by filling into the developing 
dark-matter potential wells cool radiatively through 
‘molecular hydrogen emission lines (9, 17); we 
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followed the formation of molecular hydrogen 
and its cooling using a sophisticated chemistry 
network (6). The parent simulation, from which 
we picked the resimulated region, followed the 
growth of structure in. a CDM-dominated uni- 
Verse with a cosmological constant A: we per- 
formed the resimulations assuming both CDM 
and WDM as dark matter. In this WDM model, 
small-scale power in the density fluctuations is 
‘exponentially suppressed below ~100 co-moving 
pe, mimicking fiee-streaming of gravitino par- 
ticles with mass mong = 3 keV (3). Gravitinos 
are a popular WDM candidate (/2), but our re- 
‘sults are insensitive to the exact choice of WDM 
particle as long as its free-streaming length is 
more than a few tens of co-moving kiloparsees. 
Therefore, even if the gravitino were sii 
more massive or if the WDM were instead a ster- 


ile 
(/3)], our results would not chan; 
Observations of the clustering of neutral gas 
along sight lines to distant quasars (the Lyman-<t 
forest of absorption fines) probe seales 1 to 40 
Mpe when the density perturbations on these 
scales are still small, and the presence or absence 
fof substantial substructure in these observa- 
tions can constrain the masses of WDM parti~ 
cles (/4, 15); our choice of WDM particle mass 
(3 keV; the corresponding mass scale is ~3 
10" Me, where Mz isthe solar mass) is well above 
this lower limit (-2 keV) (14, 15). The initial 
amplitude of the imposed density perturbations 
in our simulations is normalized tothe levet seen 
in the cosmic microwave background radiation 
(16), and our simulations start at redshift: ~200. 
(See the supporting online material for more 
details on these simulations.) 

The growth of structure in these resimulations 
leads to a pattem of filaments and sheets (Fig. 1) 
that is familiar from the local large-scale 
distribution of galaxies. This is because the as- 
sumed Gaussian spectrum of density perturba- 
tions, appropriate for an inflationary mode, leads 
to collapse along one (sheet) and two (filament) 
direetions before the formation of halos. Al- 
though the large-scale filamentary pattem is very 
similar in CDM and WDM, the structure of the 
filaments themselves is very different. Whereas 
the CDM filaments fragment into. numerous 
nearly spherical high-density regions (“halos”) 
ig. 1A), the WDM filaments are mostly devoid 
ofsuch substructure (Fig. 1B). Figure 1, C and D, 
depicts the WDM filament at an earlier time 
before any of the other filaments have formed: 
“The central density is very high (hydrogen num- 
ber density m,~ 10" em *~ 10°%n,)) but no dark- 
matter halo has formed yet. It is well known that 
the Poisson noise in simulation codes that use 
particles to represent the dark matter leads to spu- 
rious fragmentation of the filaments that form in 
such WDM simulations (17, 18). We therefore 
‘ended the analysis of our WDM simulations well 
before the filaments fragmented. 

‘The length L of the filament (~3 kpe) is on the 
order of the imposed WDM fiee-streaming scale, 
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as expected: L ~4 kpc at redshift >= 23.34 when 
the universe is 140 million years old. Gas and 
dark matter accrete perpendicular onto the 
filaments axis (Fig. 2). Dark-matter particles 
falling into the filament perform damped osc 
lations as the potential well deepens. Atr~S0 pe 
(where ris the distance perpendicular to the fila- 
‘ment's axis), dark-matter particles falling into 
the well encounter particles that fll in from the 
other side, and these suocessive instances of “orbit 
crossing” give rise to the steps in the density seen 
in Fig. 1B. Baryons do not undergo orbit cross- 
ing but the gas gets compressed to a tempera- 
ture T= 7000 K at r ~ 20 pe. Rapid buildup of 
Hy induces cooling, and the gas starts to dom- 
inate the matter density further downstream 
so that the ratio of gas to dark-matter densities 
is px/Poxe~ 15 = 10Kp,)KPoad at r=2 pe. At 
<2 pe where the gas dominates, the ratios of 
Principal axes ofthe filament are ba = 0,123 and 
c/a = 0.118; hence, the filament is very nearly 
cylindrical. The properties of both the gas and the 
dark matter are very uniform along the whole 
length of the 


profile below 10 pe is approximately pox F>* 


for2<r<8 peand px r* forr<2pe. Thisisin 
‘contrast to p cc r°** forthe spherically averaged 
profile ofthe gas in CDM halos on a comparable 
scale (6, 7). The central H abundance reaches 
10°, higher than in the CDM case because of the 
higher temperature reached behind the accretion 
shock. This higher temperature and the asso- 
ciated higher ionization fraction will also enhance 
the importance of deuterated molecular hydro- 
gen (HD) cooling at later stages (/9, 20), 

‘The nontinear collapse into a thin filament 
found in these WDM simulations is in sharp 
‘contrast to what happens in the CDM case. There 
the first objects to reach high densities ane dis- 
‘rete, nearly spherical dark-matter halos (gravita- 
tionally bound concentrations of dark matter) that 
form at tiny masses and build up hierarchically 
through mergers and aceretion, Some halos have 
a sufficiently deep potential well to acerete and 
shock baryons, enabling Hy formation and radia- 
tive cooling. Runaway collapse of the rapidly 
accreting self gravitating gas is thought to lead to 
the formation of a single massive star per cooling 


Fig. 1. (A and B) Dark-matter density structure of the progenitor of a redshift z = 0 massive cluster of 
galaxies at z= 15 when the thermal velocities of the dark-matter particles are negligible (COM) (A) and 


when the dark matter is warm (a gravitino with myoes = 


keV) (B). Although both models produce a 


characteristic filamentary pattern in the density, the CDM filaments fragment into numerous nearly 
spherical halos, whereas free-sreaming of the WOM prevents this type of substructure from forming. (C 
and D) Gas temperature (C) and density (0) in the WOM filament, indicated by the blue box in (B), at 


an earlier redshift 


= 23.34) when only this filament had formed. Gas accretes very uniformly onto the 


filament, as indicated by the velocity vectors, and heats as it gets compressed but cools further 
downstream because of the formation of H,, making the center of the filament cold and dense. The 
filament shown here is almost perfectly cyindrical; usually they are elliptical in shape. 
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halo (4, 6, 7). The absence of small-scale power 
in WDM prevents halos from forming before the 
filament itself becomes highly nonlinear. Al- 
‘though our resimulations focus on the progeni- 
tor of a massive cluster, and hence the forming 
object collapses unusually early on, the fact that 
very high densities are reached in a filament, as 
‘opposed toa spherical hal, is generic to WDM. 

‘The stability of collapsing filamentary clouds 
hhas been investigated in the context of the for- 
‘mation of cloud cores, for example in (2, 22), 
and applied to early-universe filaments (23). 
‘The inability of gas to cool sufficiently fast usu 
ally limits the collapse time of the filament by 
the cooling time, ty = pip ~ f= mky TIA (where 
‘ais the dynamical time, te is the cooling time, 
‘nis the density, ky is the Boltzmann constant, 
Tis the temperature, and A is the cooling rate 
due to Hp and HD cooling). Perturbations start 
growing, possibly leading to fragmentation, 
‘when fy >> ty, Where fy is the inverse growth 
rate of perturbations. If the gas cooling is ef- 
ficient, &4 ~ fe << fp, and perturbations do not 
grow. At =n) ~ 10° om”, the level population 
‘of Hi reaches local thermextynamic equilibrium, 
‘making A ce 1 instead of c= n*, and f becomes 
independent of density (17). A_ sufficiently 
massive filament may yet survive fragmentation 
at this stage, and at higher density n ~ 10° cm”, 
three-body processes promote the formation of 
Hz and the cooling time decreases again. 
However, when > n= 10" em” the gas 


> 


"0 


becomes optically thick in the H, cooling 
transitions, slowing the collapse, and the fila- 


Until the gas becomes optically thick also to this 
‘cooling radiation at densities n > n; = 1 
(20, 24). The physics of the H molecule there- 
fore sets three densities at which the filament 
may fragment. The typical fragment masses are 
‘on the order of tens of solar masses, solar masses, 
and subsolar masses for fagmentation at densi- 
ties my, ms, and ns, respectively (23). 

‘The tidal field around the filament breaks the 
«cylindrical symmetry on scales comparable to the 
filament’s length (Fig. 1) and can trigger the gas 
‘dynamical instabilities that ultimately lead to 
fragmentation. Unfortunately, our current simu- 
lations are notable to follow this process in detail 
because these tiny deviations from symmetry are 
overpowered by numerical noise caused by the 
graininess of the particle distribution. This causes 
the filament to fragment very rapidly as expected, 
yet the scale of the fragmentation is artificial. In 
the WDM universe, the small-scale perturbations 
that tigger fragmentation in the simulations are 
not present and need to be generated through the 
transfer of power from larger scales. Because this 
is a relatively slow process, the central density 
will have reached the higher value m; oF even 
higher, implying small fragment masses on the 
‘onder of a solar mass or below. Such fragments 
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‘can coalesce to form more massive clumps, as 
thas been demonstrated in two-dimensional nu- 
‘merical simulations (22). Even ifindividual cores 
survive, they may still grow in mass through 
accretion. 

Detailed observations of star-forming clouds 
in the Milky Way reveal thatthe low-mass stellar 
mass function is very similar to that ofthe dense 
pprestellar cloud cores within the ambient cloud, 
although it is not yet clear what determines the 
cut-off at high masses. This close similarity 
‘ight indicate thatthe process of cloud fragmen- 
tation plays an important role in determining the 
initial mass function (25). If this also applies to 
star-formation in a WDM filament, then it is 
plausible that fragmentation will lead toa burst of 
star formation that includes low-mass stars with 
masses ~1 Mo or below but also much more 
‘massive stars built through mengers and accretion, 
‘The more massive stars will end their short lives 
through supemova explosions or collapse t form 
intermediate-mass black holes, and some of the 
very-Jow-mass stars may potentially survive unt 
today. Although the details of this scenario are 
luncertain, i is clear that the stellar mass function 
will be quite different from the CDM case, 

‘The low-mass Milky Way stars discovered in 
the Hambury/European Southern Observatory 
survey HE 0107-5240 (26) and) HE 1327-2326 
(27)haveextremely low metallicities (28) of (Fe! 
H] ~—S and peculiar clement abundances, for 
‘example (C/Fe] > 1. An initial mass function of 


Fig. 2. Gas and dark-matter 
profiles of the WOM filament 
shown in Fig. 1, C and 0. (A) 
‘Accretion of dark-matter particles 
black) and gas particles (red; the 
horizontal and vertical scales are 
different (along and perpendicu- 
lar to the filament, respectively), 
The dark matter undergoes orbit 
crossing (multivalued velocities) 
at r ~ 50 px, whereas the gas gets 
shocked much closer in (=20 po) 
and dominates further down- 
stream. (B) Gas density profile, 
as measured perpendicular to the 
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1000 — filament's axis. Lines p cc °* and 
pc r** serve to guide the eye. 
(© Temperature profile. Gas heats 
as it gets compressed, but the 
rapid buildup of H cools the gas 
further in. (D) Buildup of molec- 
ular hydrogen fraction, fya, dur 
ing the accretion. 
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-zero-metallicty first stars with a range of masses, 
as we suggested might be the case in WDM, 
could explain these stars either as due to self 
pollution or pre-enrichment by intermediate-mass 
(Cons of solar masses) supemovae (29). Such first- 
‘generation low- and intermediate-mass stars are 
‘not thought to form in CDM (4, 6, 7). Therefore, 
although the present observational evidence is 
‘not yet unambiguous, a future detection of zero- 
‘metallicity low-mass first stars may indicate that 
the dark matter is warm, 

Free-streaming of the WDM considerably 
decreases the number density of halos that host 
carly-star formation, which could delay reioniza- 
tion as compared with CDM (30). However, the 
additional mode of star formation in filaments 
‘could partly compensate, making itunclear wheth- 
cer reionization is indeed delayed when the dark 
matter is warm. 

‘What is the ultimate fate of such ~107 Mo, 
filaments? Eventually the filament will collapse 
along its long axis, and because its mean density 
is very high, a lange number of collisions between 
cloud cores and stars would appear inevitable. 
‘Such collisions could build up a massive object 
that can seed the formation of the supermassive 
black holes that power redshift = ~ 6 quasrs and 
appear to lurk in the centers of most lange 
‘galaxies today. 

‘The different outcome of WDM versus CDM. 
is because the thermal velocities of the WDM 
particles prevent halos from forming before the 
filaments themselves form stars. This happens 
‘when the free-streaming length introduced by the 
dark matters thermal velocities is more than a 
few tens of co-moving kiloparsces so that the 
filaments are sufficiently massive to heat infalling 
‘gas t0 more than ~1000 K, enabling efficient 


cooling by molecular hydrogen. If we simulate a 
WDM universe with a much shorter freestreaming 
length (for example, ~20 kpc corresponding to a 
gravitino mass mypss = 15 keV), star formation 
proceeds in a similar way to the CDM case, in 
good agreement with earlier work (3/). The 
likely very different initial mass function of the 
first stars and the rapid formation of massive 
black holes in a WDM scenario with mya ~3 
keV, as opposed to CDM, implies a very differ- 
ent early thermal- and metal-enrichment history 
of the universe, greatly affecting subsequent 
galaxy formation. It appears, therefore, that the 
way im which quasar, star, and galaxy formation 
started depends strongly on the nature of the 
dark matter. 
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Phase-Coherent Transport in 
Graphene Quantum Billiards 


F. Miao, S. Wijeratne, Y. Zhang,* U. C. Coskun,t W. Bao, C. N. Laut 


‘As an emergent electronic material and model system for condensed-matter physics, graphene 
and its electrical transport properties have become a subject of intense focus. By performing 
low-temperature transport spectroscopy on single-layer and bilayer graphene, we observe ballistic 
propagation and quantum interference of multiply reflected waves of charges from normal 
electrodes and multiple Andreev reflections from superconducting electrodes, thereby realizing 
‘quantum billiards in which scattering only occurs at the boundaries. In contrast to the conductivity 
‘of conventional two-dimensional materials, graphene's conductivity at the Dirac point is geometry- 
yendent because of conduction via evanescent modes, approaching the theoretical value 
4e"inh (where e is the electron charge and h is Planck’s constant) only for short and wide devices. 
These distinctive transport properties have important implications for understanding chaotic 
‘quantum systems and implementing nanoelectronic devices, such as ballistic transistors. 


raphene is a two-dimensional (2D) 
honeycomb lattice of carbon. atoms and 
exhibits an energy dispersion relation in 
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which the low-lying excitations behave like 
massless relativistic Dirac fermions (/-3), and a 
‘graphene bilayers band structure resembles a 


‘zero band-gap semiconductor (Fig. 1). This 
band structure is predicted to give rise to several 
unconventional phenomena, such as the Klein 
‘paradox (4) (i. the ability of relativistic particles 
{0 tunnel through high bariers with perfect 
transmission) and the Vasclago lensing effect 
(5) (i.e, focusing of charges in a pn junction). 
‘Technologically, graphene is an attractive mate- 
Fial for nanoscale electronics engincering, As a 
2D relative of carbon nanotubes, it has superior 
mobility, current-carrying capacity, and thermal 
conductivity; but in contrast t0 nanotubes, 
lithographic techniques can be used in graphene 
for device synthesis and tailoring transport 
properties (6), thus expediting integration with 
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silicon-based complementary metal-oxide semi- 
conductor technology. Inthe long term, graphene's 
‘unusual properties could enable new functionsl- 
ity in nanoelectronics. 

Many of the proposed phenomena and de- 
vices assume ballistic charge propagation in 
conjunction with graphene’s distinctive band 
structure. Yet, a clear demonstration of the bal- 


A 


listic transport regime in graphene has been 
lacking, whereas the exact electrical conductivity 
at the Dirac point, Gn, has been the focus of 
many recent theoretical works [sce (4) for a 
review]. We experimentally explore 6fzz, in both 
diffusive and ballistic regimes for single-layer 
graphene (SLG) and bilayer graphene (BLG) and 
establish ballistic and phase-coherent transport in 
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short devices coupled to normal and super: 
‘conducting electrodes. These graphene quantum 
billiards are expected to reveal unexpected fea- 
tures in spectra statistics in massless Dic 
fermion billiards (7) and in Andreev billiards 
(8) (.e,, billiards with superconducting bounda- 
ries), thus enabling differentiation between 
chaotic and integrable dynamics and providing 
insight into quantum chaos, In addition to 
realizing graphene electron or hole resonators, 
specular Andreev reflection (9, 10) in Andreev 
billiards can be exploited for chargeless 
{transport of pure spin (J/) and thermopower 
(12) currents. 

SLG and BLG devices are coupled to super 
‘conducting aluminum (Al) electrodes, in both 
Hall-bar (Fig. 1B) and two-terminal geometry 
(Fig. 1C) (13), Table SI lists device parameters. 
For devices with Hall-bar geometry, quantum 
Hall (QH) measurements were carried out at 260 
mK in a magnetic field H/=8 T, Figure 1D shows 
that as gate voltage V, is modulated, the Hall 
conductivity 64, of a SLG device is quantized at 
hhalf-nteger values of 4e’/h ~ 155 pS, confirming 


2 
vom 


Fig. 2. (A) Energy dispersion relations for SLG (eft panel) and BLG (right panel). kis the wave vector 
‘of charges, (B) Scanning electron microscope image of a SLG device in Hall-bar geometry. (C) Atomic 
force microscope image of a two-terminal device with a measured thickness of 3.5 nm, indicating the 
presence of several atomic layers. (D) SLG’s ouy in units of 4e'/h versus V, at H = 8 T and 260 mK. 
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Fig. 2. (A) Conductance G versus V, for small-area SLG and 8LG devices (bottom and top panels, 


respectively). (Inset) G(V) for a large-area SLG. 


(B) Onin Gn units of 4e/xh) versus the device 


aspect ratio WIL. Red squares, small SLG devices; green triangles, BLG devices. The dotted line is 
calculated from Eq. 1. (Inset) cnin versus WIL. Blue diamonds, large SLG devices. 
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the anomalous integer QH effect in massless 
Dine fermion systems, thus unequivocally es 
‘oblishing our selection of SLG and indicating 
charge localization in the bulk of the system at 
hhigh magnetic fies. We focus on zero oF very 
low magnetic field measurements, where ficld- 
induced localization is minimal. 

We first address a central issue in graphene 
studies: the value of conductivity at the Dirac 
point. A distinct feature of a 2D massless Dirac 
fermion system is that dyn is predicted to be a 
tuniversal value Gy = 4e"/nh for both ballistic and 
disordered cases (4). An earlier study (2) indeed 
found a universal, albeit larger, value of 4e°/h, 
The finding is counterintuitive, because one 
might expect impurity scattering to reduce the 
measured conductivity value, This factor of 
discrepancy between theory and experiment has 
‘generated much debate (14-18). 

To address the controversy, we focus on 
the zero-bias conductance of SLG and BLG 
devices as a function of My at an applied mag- 
‘nic field /~ Oand temperature 7 1.5 K, which 
is above the superconducting transition temper- 
ature T- of bulk Al. As shown in Fig. 2A, the 
device conductance is high at large negative 
and positive F, corresponding to highly hole- 
and clectron-doped regimes, respectively. At 
the Dirac point, the device conductance reaches 
8 minimum Goss Which ranges from 148 to 
1200 S for all devices studied. For devices 
with relatively large source-drain separation 
(L>~1 um) and large area (A> 3 um?), values of 
minimum conductivity Opin ~ (UW \Gaun of 
these devices are geometry-independent and 
relatively constant: ~33 10 4.7 Gy (Fig. 2B, 
inset). Here, L and Ware the length and width 
‘ofthe source-<irain conduction channel, respec 
tively. This finding is fully consistent with that 
in the previous report for devices with L.~3 to 
10 um and A> 10 ym? (2). 
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For “small” devices with L < $00 nm and 
A <0.2 um’, however, a qualitatively different 
bbohavior emerges: Gu i no longer constant but 
‘varies from 0.8 to 4.6 Gy, Ploting measured values 
Of Gein (in units of 4e"/ch) versus the aspect ratio 
WIL, where data fom SLG and BLG devices are 
represented by red squares and green triangles, 
respectively (Fig, 2B), we see that when 7 <2, 
Grin & ~ 2 to 4 and systematically decreases 
‘with increasing aspect ratio; for the devices with 
WIL> 4, dyin is close to 1, Our rests agree with 
recent theoretical works (/5, 16). In the ballisti 
regime, oniy depends on the graphene’s geome 
try and the microscopic details of the edges, ap- 
proaching the universal value of 4e"/eh when 


A 
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Fig. 3. (A and B) di/dV (color scale, in 'S) versus 
(vertical axis) for device 1 (A) and device 17 (8) 


260 mK and = 40 mT. The dotted and dashed lines in (A) are guides to the 
‘eye, indicating conductance’s oscillation periods. (C) Line trace through (8) 
at V= 1.3 mV. (inset) Line trace through (A) at V= 0. 
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iy Resta axis) and V 


boundary effects are negligible, which is achieved 
foe wide and short graphene strips with W>>L. 

‘Quantitatively, atthe Dine point, the conduc 
tivity of a ballistic graphene strip with “am. 
chair” edges is given by (/5) 


where T, is the transmission probability of the 


‘mth conductance channel, Ty = eta 


Using NV = 100 (the sum converges quickly 
for N > 10, where NV denotes the total number 
‘of channels), we calculate Ga, 383 function of 


normal electrodes at 


mT) 


0 0 20 9 40 


WIL (Fig. 2B, dotted line), in excellent ag- 
‘reement with the experimental data, This result 
‘suggests the electrical transport in graphene is, 
ballistic up to lengths ~0.5 to 1 jim, which is, 
consistent with results from QH measurements 
(2). Device 10, corresponding to the data point 
at WL ~ 8.25 and Goin ~2 Go, has relatively 
large area (~1.2 ym”) and appears appreciably 
above the theoretical curve, Moreover, the 
bilayer devices appear to fall on a different 
‘curve, as expected from theoretical predictions 
(19-20). 

Our experimental results provide strong 
‘evidence for two transport regimes: Small and 
‘short graphene strips exhibit ballistic transport, 


Fig. 4. (A) di/aV (color scale, in yS) of device 1 versus V and V, at H = 0 with 
superconducting electrodes. The dark lines at ~+2 mV are conductance dips (13). 
(B) diidV of device 1 versus V at H = O mt and H = 40 mT. 
(Color scale, in 15) of device 17 versus H (horizontal axis) and V (vertical axis) The 
dotted line is calculated by means of Eq. 2. (D) didV of device 6 versus V across the 
junction at H = 0. The arrows indicate MAR features. 
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here nin decreases with increasing aspect 
tatio and reaches Go when IV>> L; in contrast, 
devices with large source<inin” separations 
and areas display a nearaniversal value of 
Gmin ~ 3 10 4 Goy independent of device 
geometry, suggesting diffusive transport. The 
transition between the two regimes appears to 
take place when L~ | um and/or A~ 1 um’, 
which may be induced by inhomogencous 
doping (22). 

Focusing on small and short graphene 
devices and investigating ballistic charge 
transport away from the charge neutrality point, 
‘we perform nonlinear transport spectroscopy by 
‘measuring the differential conductance (dlld) 
of the devices at 260 mK as functions of Vand 
souree-drain bias VA small perpendicular 
magnetic field (40 mT) suppresses. super- 
conductivity in the Al electrodes. The data, 
shown as 2D color plots, (Fig. 3, A and B), 
display pattems of erisserossing lines, indicat- 
ing periodic conductance oscillation with both 
Vand V, (Fig. 3C). Similar patterns are 
observed in both single-layer and bilayer 
devices and in both hole- and electron-doped 
regimes. Such periodic conductance oscilla 
tions, also observed in carbon nanotubes (23), 
arise from quantum interference of multiply 
reflected paths of electron (and hole) waves 
between two partially transmiting electrodes, 
‘whereas the charges’ wavelength is tuned by 
bias or V 

In carbon nanotubes, the interference pat- 
tern is typically characterized by a single char- 
acteristic energy scale Ey = $2, where vj ~ 10° 
ww is the Fermi velocity of graphene and 
nanotubes and Ly is the distance between 
successive reflections, given by the source- 
dain separation in nanotubes (23). In contrast, 
in graphene devices, we generally observe 
several frequencies with different energy 
scales, An example is shown in Fig. 3A, where 
4 large period and a small period are outlined 
bby dotted and dashed lines, respectively. This 
distinction between nanotubes and graphene 
devices lies in their dimensionality: One is a 
1D device with well-defined electron paths, 
whereas the other is 2D and the electron 
{rajectories can be quite complicated, because 
various electronic resonator modes (and hence 
energy scales) can be excited (24). Never 
theless, because the length 2L0 yields the 
minimum length over which electrons and 
hholes remain phase coherent, we estimate the 
phase coherence length L, in graphene by 
identifying the smallest energy scale in each 
dUdV Vg. ¥) plot. For our devices, Eomia are 
determined to be ~ 0.7 to 1.5 meV, comre- 
sponding 10 Ly ~ 3 to 5 ym at 260 mK, in 
agreement with values extracted from weak 
localization measurement (4). 

The long phase coherence length of 
charges in graphene suggests a possible 
experimental realization of an Andreev bile 
liard, Such a device is also a Josephson 
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junction (25), expected to exhibit unusual 
Phenomena such as specular Andreev reflec- 
tions (9, 10). Superconducting order is also 
predicted to emerge in pure and doped 
‘graphene (26). We repeat measurements of 
<lidV\V., Vyat H= O with superconducting Al 
electrodes, thus realizing an Andreev billiard. 
As shown in Fig. 4A, the interference pattem 
persists, with an additional bright, horizontal 
band around zero bias, indicating enhanced 
conductance (up to 100%) that persists 
through both the resonance and antiresonance 
‘of the interference pattems (for high-bias 
‘conductance dips, see (/3)} 

A detailed examination of the low-bias 
region reveals a single peak at zero bias, and 
two or more additional peaks at V < 2A/e, 
where A is the energy gap of Al (Fig. 4, Bto 
D). The single conductance peak at = 0 has 
been observed in nanotubes (27-29) and 
attributed cither to dissipative quasiparticles 
current (27) or to a manifestation of super- 
‘current (28). The subgap features at finite V-< 
2W/e results from multiple Andreev reflections 
(MARs) (30), wherean electron from a normal 
‘metal incident at a superconductor is reflected 
as a hole, while transferring charge 2¢ by 
forming » Cooper pair in the superconductor. 
For @ superconductor/normal metal/super- 
conductor (S/N/S) junction, an electron may 
be reflected between the two N/S interfaces 
several times, gaining enengy eV each time it 
transverses the junction, giving rise to features 
in dlidVat constant voltages V; =, where /is 
tn integer. For the data shown in Fig. 4B, we 
estimate 24 ~ 105 eV and Vs ~ 55 pV. For 
differen devices, the observed values of 24 
range from 105 to 250 peV, which is lower 
than the bulk value ~360 peV. The reduced gap 
is attributed to the presence of the Pd adhesion 
layer. 

For small H, we expect ¥; to follow the 
classical Bardeen-Cooper-Schrieffer functional 
form of A(H) 


where Hz is the critical field of Al. Figure 4C 
shows a plot of di/dV(H, ¥) for device 17, 
\where the enhanced conductance peaks appear 
fas the three red bands near zero bias The 
positions of these peaks move to lower bias 
With increasing H, in excellent agreement with 
the dotted line, which is calculated by means of | 
Eq, 2 and by taking H. = 19.5 mT and (0) = 
35 wV directly from the data. 

Up to five MAR features are observed in 
‘our devices, as shown in Fig. 4D, which plots 
dlidV of device 6 as a function of voltage V 
across the junction. Positions of the MAR 
features, indicated by arrows, are 221, 110, 75, 
53, and 31 pV, comesponding to i= 1, 2, 3,4, 
‘and 7, respectively. Because the ith MAR 
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feature implies electrons and holes propagate 
across the nommal region ~i times without 
backscattering (30), our observation of several 
MAR features attests to the ballistic nature of 


transport in graphene. 
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Early Archaean Microorganisms 
Preferred Elemental Sulfur, Not Sulfate 


Pascal Phitippot’* Mark Van Zuilen,* Kevin Lepot,* Christophe Thomazo,* 
James Farquhar,? Martin }. Van Kranendonk? 


‘Microscopic sulfides with low **5/"°5 ratios in marine sulfate deposits from the 3490-million-year- 
‘old Dresser Formation, Australia, have been interpreted as evidence for the presence of early 
sulfate-reducing organisms on Earth. We show that these microscopic sulfides have a mass- 
independently fractionated sulfur isotopic anomaly (A”"S) that differs from that of their host 
sulfate (barite). These microscopic sulfides could not have been produced by sulfate-reducing 
microbes, nor by abiolagic processes that involve reduction of sulfate. Instead, we interpret the 
combined negative 85 and positive A”S signature of these microscopic sulfides as evidence for 


the early existence of organisms that disproportionate elemental sulfur. 


he availability and speciation of sulfur in 

the Archacan atmosphere-ocean system 

‘must have played an important role in the 
carly evolution of life on Earth. The different ox- 
idation states of this clement (¢.g., S”, S”, S°, 
$20)", SOy*", SQ4°) can all act as an important 
source of energy for different types of sulfur- 
‘metabolizing organisms. It has been suggested 
that the large sulfur isotopic fractionation of sul- 
fides (eg., pyrite, FeS;) in marine sediments rel 
ative (0 contemporaneous sulfite (eg, gypsum. 
(CaSO4) or arte (BaSO,)} provides a record of 
microbial sulfite reduction over time (I-7), be- 
cause sulfate-reducing organisms preferentially 
process light over heavy sulfur isotopes (7S rele 
ative to 4S), leading to sulfide minerals (c.g... 
pyrite) with negative BS = {((8"S)ne! 
(S5),u~ 1] * 1000} values (8). The resulting 
isotopic difference between sulfides and sulfates 
(8 Sattse ~ 8“ Sauoue™ ~20 t0 30%) can be 
traced back to 2700 (0 2500 million years ago 
(3, 5). In older rocks, a much smaller isotopic 
difference is preserved (8“Switie ~ 8*'Swucue < 
=10P%), which could indicate ether that micro- 
bial sulfate reduction was absent in the Early 
Archacan oF that microbial sulfate reduction op- 
crated under low seawater-sulfite concentration 
(7). These low sulfate concentrations would be 
consistent with low oxygen concentration in the 
Archacan atmosphere and surface ocean (6, 7) 
‘An exception 10 this general trend, however, is 
the record of strongly negative “S/S values of 
‘microscopic sulfides hosted in barite ofthe 3490- 
‘illion-year-old chert-barite deposit at North Pole 
{Dresser Formation, Westem Australia (J, 2)). It 
has therefore been suggested that the record of 
‘microbial sulfate reduction extends into the Early 
‘Archacan and may reflect local enrichment of sul~ 
fae in these environments (1). 
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Hore we report multiple- sulfur isotope analyses 
(8, 5, 5) of sultides and sulfites from dle 
care samples from the chert-barte deport at Noh 
Pole and show that metabolic pathways other than 
sulfate reduction can account for the microscopic 
sulfides with negative “S/S values. In the anoxic 
and strongly hydrothermally influenced marine en- 
vironment of the Early Archacan, organisms usin 
reduced to intermediate forms of sulfur such as S", 
S,0¢* and SO? were likely mere common than 
sulfate-reducing organisms (9, 10). Sullides thit 
form from the metabolism of S”, $,0,", and 
'SO;? may also result in significantly lower 
S/S ratios relative to abiologic forms of sulfide 
(11), This mass-dependent isotope fractionation 
(6°S) therefore cannot be used to distinguish such 
‘organisms from SO, reducers. However, in the 
Archaean, the different sources of sulfur used by 
these organisms camry distinctive massindependent 
isotope ratios {anomalous A™S = 1000 * (1 + 
8"S/1000) — (1 + SS/L000)"S") (12-14), 


‘Such A“'S anomalies are produced by photochemi- 
‘cal reactions of volcanic gases (SO> and H.S) in the 
Archaean atmosphere and have been recognized 
asa tracer of the source of sulfur on early Earth 
(12-14), The 8S and A™'S yariations for the 
Early Archacan record appear to be well matched 
by experiments of atmospheric photolysis under. 
taken with ultraviolet (UV) radiation of wave- 
length ~193 nm (73), In Late Archacan sediments, 
however, Ono et al. (/5) and Kamber and 
Whitehouse (/6) documented a different relation 
between 5° and A'S variations and showed that 
their dats could be bracketed by experiments 
undertaken with 193-nm radiation and by 
‘experiments undertaken at longer wavelengths 
(©220 nm) (2-14), The data for the Mesoarchac- 
‘an produces another relation between 8S and 
4°'S, adding to the complexity of the picture and 
raising the possibilty that the interpretations of 
(13) and (15, 16) may be reconciled if they reflect 
‘changes in the source reactions that occurred as the 
atmospheric sulir eycle evolved from the Early 
‘Archacan to the Late Archacan, These different 
scenarios for atmospheric photochemical reac 
tions suggest that S" and SO, will dominate over 
all other sulfir species and provide two notable 
sulfur sources, insoluble S" (+A"'S) and soluble 
SO, (-4"'S), that are available for sulfur metabo- 
lism, Once the A™'S anomaly is passed on to a 
sven reservoir, it will be preserved unless there 
addition of sulfir with a different "'S compo- 
sition. Figure 1 illustrates how sulfides that formed 
from different microbial processes would retain the 
AS anomaly ofthe original sulfur scurce. 

‘The Dresser Formation at North Pole consists 
of plowed and komatitic metabasalt interleaved 
ith three units of cherty metasediment. Our study 
focuses on the lowermost of these metasedimen- 


Fig. 1. Graphical rep- 
resentation of mutiple— 
sulfur isotope systemat- 
fcsin a5"5 versus AS, 
plot UV-driven photoly- 
sis of volcanic SO; and 
HS produces aerosols 
and gases (H.S, HS, S°, 
‘S02, $03, H;504) with 
both mass-independent: 
AIFS, 5) and mass 
dependent isotope frac- 
tionations (DFS, 55) 
that follow experimen- 
tally determined frac- 
tionation arrays for UV 
radiation of 193 nm 


(Ghaded area represents 
a margin in 85 of 
+5%orelativeto this ar- 


3S (%) 


ray) (13). The dominant atmospheric carriers of A™*S anomalies are elemental sulfur aerosols (S°, +A7"S) 
‘and sulfuric acid aerosols (H,SO,) incorporated in seawater as dissolved sulfate (SO,, —A™5). Sulfide 
forming from the biologic or abiologic reduction of sulfate should preserve a negative A”°S anomaly, 
Likewise, sulfides formed by the inorganic or microbial reduction of elemental sulfur should retain a 
positive A?°S anomaly, whereas microbial disproportionation of elemental sulfur should produce sulfide 
‘and sulfate that both retain a postive "5 anomaly. Isotope fractionation associated with microbial 
sulfur reduction is close to zero (26) and therefore not shown. 
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tary units known as the chert-barte unit (Fig. 2A). 
‘The age of this unit is constrained by a Pb-Pb age 
fon galena from barite (/7). The rocks were 
deposited in a shallow-water environment, possi- 
bly within a volcanic ealdera (/8, 19), and have 
experienced low-grade metamorphism between 
100° and 350°C (/9). The unit consists of a 
succession of bedded cherts, bedded barite, vol- 
‘canoclastic sandstones, and bedded carbonates. It 
is connected to an underlying network of barite- 
and silica-feeder veins. The barite veins, like 
the silica veins, ae thought to represent conduits 
for hydrothermal fluid cireulation (79-27). In the 
bedded barite, massive barte crystal fans altemate 
with centimeterseale, macroscopic sulfide lami- 
nates (Fig. 2C). The barite erystals from both the 
bedded barite and underlying intrusive barite veins 
‘contain microscopic sulfides (Fig. 2D), The chert- 


A Drill core PDP2C 
a4 


CHERT-BARITE UNIT 


DRESSER FORMATION 
Barite-sulfide deposit 


barite unit hasa history of complex hy drothenmal 
alteration that is characterized by successive pulses 
‘of fluid circulation as atested by widespread silica, 
‘carbonate and sulfide overgrowth of primary tex- 
tures. Several zones of relatively unaltered barite 
‘erystals, however, were found in the barite beds, 
We selected microscopic sulfide arrays from such 
‘unaltered barite for textural analysis (sample 88-4 
‘of drill core Pilbara Drilling Project 2B (PDP2B)] 
(Fig. 2D) and sulfur-isotope and chemical analy- 
ses (samples 84-6, 89-3 of drill core PDP2B, and 
sample 9646 of dil core PDP2C) (Fig. 3C and fig. 
Sl) (22). Some of these microscopic sulfides in 
the bedded barite have up 10 3.5 weight % Ni, 
‘and can contain local inclusions of pentlandite 
(Fe,NipSx and millerite (NiS) (fig. SI and table 
SI). Specific tests with Ni-sulfide standards dur- 
ing the analytical procedure (22) show that Ni 


#ppp28) 


|] 
Silicified | 
bedded carbonate) 


Fig. 2. (A) lithological log of the Pilbara Drilling Project (36) for drilcore POP2C. Five main subunits 
have been identified, but only three are shown for simplification. Numbers in parentheses (on the right) 
refer to depths (m) at which drill core POPZB intersected the three main subunits. These include, from 
bottom to top, (i) hydrothermally altered komatites intruded by sifca and barite veins, Gi) barite-sulfide 
deposit, and (ii) volcanoclastic sandstone (Volc) and bedded carbonate sedimentary rocks overtain by 
pillowed basalts. (B to D) Optical photomicrocraphs. (8) Silicified bedded carbonate containing thin 
alignments of sedimentary sulfide (ample 94.6, drill core PDP2O. (OQ Macroscopic sulfide laminates 
(ample 95.35, drill core PDP20. (D) Individual barite crystal containing microscopic sufides lining barite 


‘overgrowth zones (sample 88.4, drill core POPZB). 
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‘content, or the oceurrence of pentlandite or mi 
lerite, bas a negligible effect on sulfurisotope 
analysis. Furthermore, no correlation between 
Ni content and 8S is present in the data set. 

‘Our 64S data (22) (Fig, 3, fig $2, and tables $2 
‘and $3) show a limited range of values for sedi- 
mentary sulfides in the voleaoclastic sandstones 
‘and bedded carbonates (-1.4 + 2.7%) and macro- 
scopic suifide laminates inthe bedded barte(-2.7 + 
1.2%). By contrast, microscopic sulfides occuring 
in several bait erystals of one of the well-preserved 
zones within the bedded barite (fig. SI; zones 89-3a 
1. Il, Ml, and zone 89,3b of drill core PDP2B) are 
strongly fractionated and have 5S values.as low as 
~2le. The 8S values overiap with those of 
previous studies, in which the mean 6S of macro- 
scopic sulfide laminates (-0.9 + 1.$ and ~2.4%o + 
(08) were interpreted as unfiactionated voleanogenic 
sulfur (J, 23), and highly “S-depleted microscopic 
sulfides within bedded barite between ~1.3 and 
16.8% were attributed to sulfite-reducing mi- 
‘roorganisms (J) 

Our AS data (22) (Fig. 3, A. C, and tables 
2 and $3) show distinct variations. in mass- 
independent fractionation of sulfur isotopes (MIF-S) 
among the different units, Sedimentary sulfides 
from bedded carbonates and voleanoclastc sand- 
‘stones exhibit positive A'S anomalies of 10 + 
0.6%0, By contrast, the bedded barite analyzext 
displays a negative A™S value of -1.2%, which 
‘similar to that found in (2) (A™S = —1.0 + 0.1% 
for bath bedded and vein barites). Most (95%) of 
the microscopic sulfides in bedded buite have pos 
tive A"S anomalies of +2.3%0+ 18, Intermediate 0 
thos, the macroscopic slide laminites (+040 + 
08) show both +4"'S and —A"S anomalies, The 
‘presence of positive and negative A"'S anomalies 
indicates thatthe source of sulfur inthe cher-barte 
unit had cycled through the atmosphere and was 
introduced to the ocean to be subsequent incompo- 
rated inthe scaflor sediments a insoluble elemental 
sulfur (S°, represented by sulfides in bedded 
‘earbonates and volcanoclastic sandstones) oF deeper 
into the sedimentary succession as soluble sulfite 
(represented by barite in the bedded and vein bart). 

‘The observed positive A"'S of the sedimentary 
sulfides (Fig, 3A), macroscopic sulfide laminates 
(Fig. 3B), and microscopic, sulfides (Fig, 30) 
requires reactions involving $”. The intial 8S of 
'S* that reached the ocean floor is unknown, This 
‘ale can be constrained if we assume thatthe SO;- 
photolysis army at UV radiation of wavelength 193 
‘nm documented forthe Early Archaean (13) can be 
used to establish the aray on which both initial S° 
‘and SO, mus lie (Fig. 1). We used the mean 8S 
(74.7%) and A”'S (-1.0%e) values of barite (fig. 
$2) (/, 12,23)asapoint of reference forthe precise 
alignment ofthe theoretical 193-nm array (Fig. 3, A 
to C) and determined that the initial S” must have 
had a 8S between —3 and +3%a, Most sulfides 
i positive A'S anomalies show a limited range 
‘of 8S values, with fractionation relative to the S” 
source between 0 and ~7%a, These sulfides could 
have formed through abiologic reduction or 
ispropartionation of elemental sulfur to sulfide 
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during hydrothermal alteration, which can produce 
‘5S isotope fiuctionations of only a few per mil at 
temperatures below 300°C [<6%o for S"-FeS: 
reduction (24), and <3%o for S° disproportionation 
(25)]. Altematively, microbial rsduction of elemen- 
{al sulfur to HS, which does not produce notable 
isotopic fractionation (26), could also explain the 
negligible “S depletion of these sulfides, 

‘The microscopic sulfides within the well 
preserved barite crystals (zones 84-6, 89-36, and 
‘two microscopic sulfides of zone 89-3a in drill, 
core PDP2B; zone 96-6 of drill core PDP2C) 
have 8S and A"'S values that lie on a well- 
defined array (broken line in Fig. 3C) parallel to 
the experimentally determined 193-nm MIF-S 
may. This finding supports the view that the 
193-nm radiation was the dominant UV source 
during the Early Archaean (13). 

Other microscopic sulfides (ig, $1; zmnes 89-33 
1,1, and Ill and zone 89,3b of drill core PDP2B) 
are depleted in 8S by as much as ~23%e relative 
to the S” source (Fig. 3C), Most of these strongly 
*4S.depleted microscopic sulfides show positive 
‘AS anomalies and therefore cannot be explained 
bby microbial sulfite reduction, as they would 
necessarily display negative (SOy-derived) AS 
anomalis, not penitive (S"derived) A'S anam- 
ales. Based on the same line of rascning, certain 
abjologie rections can be ruled out as well. The 
reduction of SO, in the presence of a metal catalyst 
during low-temperature (<350°C) hydrothermal 
circulation (24) can lead to sulfides with a strong 
°S depleticn, Such sulfides, however, would also 
inherit a nogative A"'S, not the observed positive 
A'S. Another abiologic process — low to medium 
temperature (<400°C) hydrolysis of SO. in rela- 
tively oxidizing magmatic fuids (27)—can be 
ruled out as well because it implies a common 
origin of the reaction products and therefore 
requires that both sulfides and surrounding sul- 
fates display the same A"S anomaly 

Three microscopic sulfides display a negative 
4"'S (zone 89-3a in drill core PDP2B) (Fig. 3C). 
‘These microscopic sities could be the product of 
‘microbial SO, reduction, abiologic SO, reduction 
associated with low-temperature hydrothermal 
cireulation, oF both, A microbial origin of such 
microscopic sulfides therefere cannot be ruled out 
but is controversial, and strongly depends on the 


‘marine evaporite (1) ce hydrothermal deposit (28). 

‘Thus, microbial processes involving S° best 
‘explain the large range of 84S_ fractionations 
recorded by the microscopic sulfides with positive 
8S anomalies. As shown above, these 8“S 
fractionation are higher than the ange of fractiona- 
‘tions observed for modem sul micrabes 
(26), Microbial dispreportionation of S” to HsS and 
'SQ,*" can lead to a depletion in “S by up to 16%, 
‘and. mest disproportionating organisms produce 
fractinations smaller than §% (/7, 29) Consotia 
of diferent ypes of sulfi-metabolzing organisms 
(S disproportionators versus H.S oxidizers), how- 
ever, could have driven the 8S down during r=- 
peated cycling of tis S° source. Such a process is 
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Fig. 3. Multiple-sulfur isotopic 
compositions of sulfides and suk 
fates of drillcore samples POPZB 
‘and PDP2C. Variations of 55 with 
45 for individual sulfide analyses 
‘with the ion microprobe are shown 
as small symbols with 2c error bars 
‘and for bulk barite and sulfide se- 
parates analyses as large symbols 
with error included in the symbol 
size. The 193-nm array refers to 
‘the UV-driven photolysis array at 
1193 nm defined in Fig. 1 (13) and 
is aligned by the mean 85 and 
‘45 values of North Pole barite, 
Bulk isotope analyses of barite [iso- 
lated white circle (this study) and 
luster of white circles from (12)] 
are shown in all diagrams for 
comparison. (A) Sulfides from the 
sedimentary sequence {bedded car- 
bonates (squares) and volcano- 
dlastic sandstones (diamonds)]. 
(8) Macroscopic sulfide laminates 
ranting barte in bedded barite. 
(©) Microscopic sulfides in barite 


ystals from the bedded barite. 
‘The black arrow indicates the frac- 


=20 


10 0 
BMS (Me) 


describe by Canfield and Thamdnyp (30) to explain 
the diserpancy between the isotopic compesitions 
of sedimentary sulfides recorded ina broad range of 
«vironments and the known magnitude of fraction- 
ations produced by mtural populations of sulir 
processers. A qualitative model far 8S depletion 
by this process is shown in Fig. 4A. Sulfite 
produced during S° disproportionation would 
immediately react with Ca or Ba to form gypsum 
or barte, respectively. This biologically derived 
‘gypsum or barite with a positive AS anomaly 
inherited from parent clemental sulfur will be 
instantancowsly mixed with a large reenvoir of 
evaporative gypsum or hydrothermal bere with 
negative A'S anomalies. The extent which other 
intemnadiate sulfir species, such as S03 and 
'SO,*”, would have formed during this process is not 
dear (Fig. 4B). Microbial reduction or disprepor- 
tionation of SO; can cause *S depletion as low as, 
33%e (31, 32) and -37%e (10, 11) respectively. We 
conclude, based on the overall positve A"S of these 
‘microscopic sulfides, that the ulimate source for this 
metabolic sulfurcycling was atmospherically 


tionation trend associated with 
microbial elemental sulfur dispro- 
Portionation coupled to an in- 
organic or microbial oxidative 
‘metabolic pathway (ee tex). The 
‘white arrow points to fractiona- 
tions produced by inorganic re~ 
duction or disproportionation, 
and/or microbial elemental sulfur 
reduction. 


70 


derived S", not atmospherially derived SOs. Afler 
reaching the ocean floor, insoluble particule S” 
\was incorporated. in synsedimentary evaporitie 
‘gypsum (/) and/or hydrothermally emplaced barites 
(28), Such particles provided a solid substrate to 
‘hich elemental sulfur disproportionators could 
attach (33) and use Ha, CH, oF onganic com- 
pounds as an electron donor to form H2S (9, 34). 
This H3S could have been oxidized back to S" by 
biologic [eg., anoxygenic photosynthesizers 
(30)] or abiologic reactions. 

The basal positions of sulfur and sulfite metab- 
olizers in the phylogenetic tre has ted to the 
‘conciusion that these organisms could be among, 
the most ancient of aur ancestors (9, 34, 35). At 
present, no detailed information from gene se- 
‘quencing is availble for the deep branching in the 
phylogenetic te of sulfurdisproportionating me- 
{abolism. The combined &°S and AS data 
presented here, however, support the early origin 
of this group of organisms. Although only this 
form of sulfur metabolism can be suacessflly 
troced in this Esriy Archaean environment, several 
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Fig. 4. Possble pathways 
‘of mictobialy mediated 
sulfur transformations and 
associated isotope fractio- 
rations based on (22) 
and (30). (A) Qualitative 
representation describing 
how S° disproportiona- 
tion would lead to iso- 
topically depleted H.5 


and isotopically enriched 
‘30g. The HS that forms 
in this way can be re- 
oxidized by inorganic 
processes or anaxygenic 
photosynthesiing orga- 
nisms (22), leading to the 
formation of intermedi- 
ate compounds such as 
'S°, The isotope fraction- 
ation associated with 
bacterial or inorganic 
‘oxidation of H2S to S° 


is minor compared to 


'S° disproportionation 
(24, 26). Progressive 


disproportionation-oxidation steps will increase the **5 depletion between H,S and the initial ° 
reservoir by 20 to 30%e. (B) The role of other intermediate sulfur species such as S:Oa* and SO,*~ 
in this Early Archaean environment is not clear, but it is possible that a complex consortium of 
sulfur-metabolizing organisms coexisted that included the cycling of these intermediate species. 
The three different disproportionation reactions involving 5°, $0)", and SO,?> are (45° + 4H,0 = 
BH,S + 504°" + 2H"), (505° + HzO » HS + 504°), and (450,"" + 2H* » HS + 350,2>) (11). 


‘other forms of sulfursbased life could have been 
active a this time, including sulfide reducers, sul- 
fide oxidizers, dispropertionizers that used thiosul- 
fie, ce sulfite and suite rxtucers. Multple-sulfur 
isotope analysis would be unable 10 trace the 
activity of elemental sulfur reducers, The preserva- 
of anon- “S-factionated amay of microscopic 
sulfides parallel to the 193-1im MIF-S array may be 
viewed as evidence for the early existence of S” 
reducers cohabitaing wih S? disproportionatoes. 
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Current-Induced Magnetization 
Switching with a Spin-Polarized 
Scanning Tunneling Microscope 


5. Krause,"S L. Berbil-Bautista,"t G. Herzog, M. Bode,t R. Wiesendanger 


Switching the magnetization of a magnetic bit by injection ofa spin-polarized current offers the possibility 
for the development of innovative high-density data storage technologies. We show how individual 
super paramagnetic iron nanoislands with typical sizes of 100 atoms can be addressed and locally switched 
using a magnetic scanning probe tip, thus demonstrating current-nduced magnetization reversal across a 
vacuum barrier combined with the ultimate resolution of spin-polarized scanning tunneling microscopy. 
ur technique allows us to separate and quantify three fundamental contributions involved in 
‘magnetization switching (.e., current-nduced spin torque, heating the island by the tunneling current, 
and Oersted field effects, thereby providing an improved understanding of the switching mechanism. 


he increase of hard disk and memory 
capacities is a result of continuously de- 
creasing bit sizes. Forexample, the area of 
‘one bit in today’s magnetic hard disks is on the 
order of (60 nm)y-. Two distinct effects are used to 
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read and write information: The giant magneto- 
resistive effect is used for reading, whereas writ- 
ing is done by a magnetic field. When exceeding 
a cenain limit of bit density, however, switching 
the magnetization of one bit may also affect the 
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‘magnetization of nearby bits because of the non- 
local character of magnetic fields, thereby acciden- 
tally destroying stored information. One solution 
‘may be the substitution of magnetic switching 
fields by a spin-polarized current locally exerting 
‘a magnetic torque that leads to the reversal of 
‘magnetization a suicient current density, as has 
‘been proposed theoretically (7, 2) and demon- 
strated experimentally based on lithographically 
fabricated nanopillar devices (3-7). This tech- 
‘nique is expected to strongly reduce the eireuit 
complexity and enable a further miniaturization 
‘of data storage devices, because the same elec- 
rica line to address a bit could be used to read 
information at low currents (by measuring the 
‘magnetoresistance) and write information at high 
‘currents (by the spin-torque effect). 

Spin-polarized scanning tunneling microcopy 
(SP-STM) (8, 9) is a powertil tool used to deter- 
mine the magnetization state of nanostructures 
‘with spatial resolution down to the atomic scale. 
In addition, the same SP-STM tip that reads out 
the magnetization information at low tunneling 
‘currents may also serve as a highly localized 
source or drain of spin-polarized electrons at high 
tunneling currents, thereby locally exerting a 
magnetic torque that can reverse the magnetizai- 
tion of an individual monodomain nanoparticle. 
We report on experiments investigating the effect 
of high (up to 2 WA) spin currents tunneling 
through a vacuum barrier. Estimating a lateral 
resolution of 5 A (10), we achieve local current 
densities of up to 2.5 * 10" Afem*. Fe nano- 
islands atthe supemparamagnetic limit are observed 
that, because of thermal agitation, switch their 
magnetization between two degenerate states 
(U1, 12). With inereasing current, we observe a 
marked lifetime asymmetry of the two otherwise 
degenerate orientations, thereby demonstrating 
that a single scanning tunneling probe can com- 
bine reading and writing capabilites at high 
lateral resolution, 

SP-STM also grants an ideal tunneling mag- 
nnetoresistance (TMR) device with vacuum 
serving as an insulating barter, thereby exclud- 
ing any structural inhomogeneities or interface 
imperfections known from lithographicaly fab- 
‘icated junctions. The high spatial resolution of 
‘current-induced magnetization switehing (CIMS) 
with SP-STM also provides insight into the de- 
tails of the processes involved in the magnetiza- 
tion reversal being inaccessible in experiments 
‘with buried interfaces. In general, the switching 
process can be described within a simple macro 
spin model. However, it was found that in some 
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‘cases this model fails and has to be extended 
to the combined action of spin injection and 
the Oersted field that is induced by any flowing 
‘current (/3). Our experiments on the spatial dis- 
tribution of the lifetime asymmetry at high spin- 
polarized tunneling currents allow us to clearly 
separate and quantify spin-torque effects and in- 
fluences of the Oersted field, 

‘The SP-STM experiments were performed in 
an ultrahigh vacuum (UHV) system, with a prep- 
aration chamber for tip and sample treatment and 
an analysis chamber for sample surface charac- 
terization. A satellite of the analysis chamber 
‘contains a home-built variable-temperature scan- 
ning tunneling microscope with a current ampli- 
ficr suitable for high-current plications. In bxxtt 
chambers, the base pressure is below 10°" mbar. 
‘A W(110) substrate was cleaned by cycles of 
annealing [temperature (7) = 1500 K] in oxygen 
and a subsequent high-temperature flash (7 = 
2300 K) in UH. About 0.14 atomic layers (AL) 
‘of Fe were evaporated fom an e-bea-heated 
rod ata rateof 1.2 AL per minute at pressure P< 
2% 10" mbar onto the substrate held at room 
temperature, This leads to the formation of pscu- 
domomphic Fe islands with a height of a single 


Fig. 1. (A) Topography 
and (B) in-plane mag- 
netic dU map of Fe 
monolayer islands on 
WO220) measured at 7 = 
56.0 K (parameters: / = 
2 nA, U= 200 mV). A 


105 
Nomraized dldU sonal 
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stomic layer. Topographic STM images were 
recorded in the constant-current mode, The dif- 
ferential tunneling conductance d/idU was mea- 
sured by adding a small ac modulation voltage 
(Usoa= 40 mV) to the sample bias and detecting 
the resulting modulation of the tunneling current 
by lock-in technique. We used ant ferromagnetic 
‘Crcovered W tips, which exhibit no significant 
‘stray ficld and are sensitive to the in-plane sample 
magnetization (/4). The spin-dependent contri- 
bution to the d/4U signal scales with cos a, 
where u is the angle between the magnetization 
directions of the tip, ay, and sample, ms (9). 
The topography of a 0.14-AL Fe/W(110) 
‘sample at T= 56 K (Fig. 1A) shows monolayer 
islands of typical diameters between 2 and 6 am. 
‘These islands are ferromagnetic, with an in-plane 
casy axis along the {10} direction (17, 12), and 
because of their small sizes, they are mono- 
<domain particles. Whereas the Curie temperature 
of the extended monolayer is about 220 K (5), 
the magnetic d//dU image (Fig. 1B) shows that 
the nanoislands do not exhibit a stable magneti- 
zation, A high (bright) or low (dark) d/4U signal 
represents a magnetization oriented parallel or 
antiparallel with respect to the magnetization of 


Fig. 2. (A) Trace section of the 
time-dependent magnetic dd 
signal of one particular nano- 
‘sland (island area: 5.7 + 0.4 nm?) 
recorded at diferent tunndling au 
rents / (T= 48.4 K, U=~200 mV, 
Ey= 138 + 4 meV). (B) Histogram 
cof the overall magnetic did 
signal normalized with respect to 
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‘the state “0” level at different tunneting currents. Whereas state “O” and state “1 are equally populated 
at low currents, a substantial asymmetry toward state “O” can be recognized at high currents. 
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Fig. 3. (A) Histograms of the 
lifetimes x and to of states “0” 
and "1" measured at | = 1 nA 
(top panel) and 1 = 800 nA 
(bottom panel) (T = 50.6 K, U= 
~200 mV, £, = 133 + 4 meV; 
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island area: 55 + 04 nm’). A 
decay function was fitted to the 
experimental data (lines) result- 
ing in the mean lifetime ta. 
Tunneling current dependence of 
(B) the mean lifetimes to, (gray 
lines are guides to the eye) and 
(©) the mean lifetime asymmetry 
4, Fitting a, leads to a threshold 
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‘current of /, = 89 4 yA, Error bars in (A) to (C) indicate SD. 


A 
be 2nm—4 


{oo} 


long ti) fm) 


),. B@ @® 


Fig. 4. (A) Topography and (B) map of the current-induced asymmetry oy as measured with a Cr- 


coated probe tip at 


600 nA and U = +200 mV (island area: 6.7 + 0.6 nm?; T = 55.0 K). The plots 


show ay, averaged in rows and columns: that is, along the [110] and [001] directions, respectively. 
Although a, is constant within the errar bar (SEM) along the [110] direction, it clearly reduces by about 
16% from the left to the right side of the island (gray lines are guides to the eye). The schematic 
illustrates the influence of the Oersted field with the tip positioned in the center (C), at the magnetic 
poles (B), or at the charge-free side (E) of the nanoisland. 


the atom at the tip apex. While mapping, the spin- 
resolved d/JU signal on the islands frequently 
switches, As we know from earlier investigations 
‘on similar sample systems (/6, 17), such obser- 
Vations are characteristic for superparamagnetic 
switching, where the magnetization spontanc- 
‘ously reverses because of thermal activation, 

We have recorded the magnetic d/U signal 
as a function of time, with the tip positioned 
stationary above the central region of small Fe 
nnanoislands with a typical surface area of 7 nm? 
(ie., consisting of about 100 atoms). All mea- 
surements have been performed in the constant- 
cumrent mod, obtaining diferent tunneling curents 
by adjusting the tip-sample distance. For exam- 
pile, the traces in the panels of Fig. 2A show S's 
of the spin-resolved d/4U signal measured 
‘on one particularisland at tunneling currents of 
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1 = 2, 800, and 2000 nA. Figure 2B shows the 
histograms of the magnetic d/dU signal recorded 
cover a much longer period (700 s) normalized 
with respect to the lower level at the different 
tunneling currents. Ata low tunneling current, the 
NAL signal statistically switches between two 
discrete levels: states “0” and “I” (top panel of 
Fig. 2A). The respective histogram of Fig. 2B 
reveals that both states occur with the same 
probability. This finding is as expected because 
the two magnetization states are energstically de- 
‘generate and therefore should be populated equally 
As [is increased, however, an imbalance between 
states “0” and"“I” builds up until one state clearly 
dominates, as shown for J= 2000 nA. Further- 
more, with increasing tunneling current, 3 
tendency of decreasing d/4U signal contrast is 
observed. This decrease might be caused by a 
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distance-dependent polarization of the electronic 
states involved in the tunneling process. Hence, 
spin-polarized tunneling currents lead to a split- 
ting of the two (otherwise degencrate) effecti 
activation barriers separating the two magnetiza- 
tion states. To quantify this imbalance, we fitted 
each of the histogram peaks by a Gaussian with 
the area Ag... By defining the histogram asym 
metry ayy = (Ai ~ Ao} ly * do), We observe 
asymmetries ayy = -0.7 + 0.5% ~39.4 + 0.7%, 
and ~74 + 1% for I= 2, 800, and 2000 nA, In 
‘agreement with experiments on planar junctions, 
‘an opposite spin-polarization was observed for 
tunneling currents owing in the opposite 
direction (18). 

The microscopic processes causing the asym 
‘metres can be understood by a statistical analysis 
‘of the lifetimes of states “0” and'“1," tp and t, 8 
defined in the top panel of Fig, 2A. Figure 3A 
shows lifetime histograms of ty and 1 of one 
particular Fe nanoisland measured at = 1 nA 
(Wop panel) and /= $00 nA (bottom panel) with 
the same tip. Fitting with a decay law results in 
the respective mean lifetimes % and t. At low 
tunneling current, fo and %, are very similar, A 
different behavior is observed at high tunneling 
‘currents, where the mean lifetime is found to 
depend strongly on the relative magnetization 
direction between the tip and simple, In thiscase, 
for = $00 0A, one state has. a much higher mean 
lifetime than the other. Plotting %p and 7) asa 
function ofthe current reveals a trend from equal 
lifetimes at low current to an imbalance at high 
‘current. Furthermore, the mean lifetime of both 
states decreases with increasing current, an effect 
that we attribute to Joule heating due to the high 
tunneling current, Assuming that the energy of 
the tunneling electrons is dissipated within about 
1 to 2 nm, which is in rough agreement with 
known values of the inelastic mean free path of 
electrons (/9), a simple model (20) indicates a 
temperature rise of 0.3 to 0.6 K. Our SP-STM 
‘experiments on the temperature-dependent mag- 
netic properties of Fe nanoislands on W(110) 
show a consistent behavior (ic., a switching rate 
‘that roughly doubles every 0.5 K). By defining 
the lifetime asymmetry a, = (€) ~ To)/(Fi + fo), 
\we obtain values of up to -25% for /= 800 nA 
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(Fig. 3C), The degeneracy of the effective ac- 
tivation barriers is lifted at high tunneling cur- 
rents, and based on the Armbenius-like switching 
‘behavior, the mean lifetimes 1 can be ex- 
pressed as (2/, 22) 


where v, is the attempt frequency, Ei, is the 
effective activation barrier of the island at zero 
current, ky is the Boltzmann constant, / denotes 
the tunneling current, and /. is the threshold 
‘current to switch the magnetization at T= 0 K. 
Ey was determined by a variation of T from 50.6 
10 48.5 K and derivation of the respective mean 
lifetimes fo, at low tunneling currents (= 1 nA), 
For the particular island of Fig. 3, we find E,, ~ 
133 +4 meV, leading ta threshold current of 
T.= 89+ 4 WA. Because such high cuments are 
‘not realizable within the tunneling regime, we do 
not expect to switch islands of the given di- 
‘mensions at T= 0 K. Assuming an effective 
tunneling area given by the lateral STM resolu- 
tion, the comesponding threshold current density 
is (113 +5) 10° A/em*, This value is, by to 10 
three orders of magnitude, higher than the curent 
density used in similar experiments based on 
TMR devices (23), which may be attributed to 
the fact that, in contrast to planar junctions, the 
current density is not distributed homogenously 
‘on the whole nanoisland but acts very locally 
‘The splitting of the effective activation barrier AE 
due (0 spin-torque effects can be quantified by 


Where a is the lifetime asymmetry. For = 800 
‘nA, the currenteinduced spin torque leads to an 
effective activation barrier spliting of AE ~ 1.3 + 
0.1 meV, which is only = 1% of Ey. 

Using a SP-STM tipas the source or drain for 
spin-polarized electrons, we were able to perform 
spatially resolved measurements where the tip is 
‘moved to different sites of one particular nano- 
island, allowing information of site-specific prop- 
erties to be gained that cannot be obtained in 
spatially averaging experiments performed with 
‘nanopillars. Figure 4A shows the topography of a 
‘nanoisland consisting of about 100 atoms. While 
scanning this island with / = 600 nA, we 
‘measured the magnetic d//4U/ signal on each of 
the pixels for a duration of 12 s to calculate the 
site-specific histogram asymmetry ay on the 
basis of the comesponding datapoint histograms. 
‘The result is shown in a color-coded representa- 
tion in Fig. 4B. In spite of the rather lange sta- 
tistical ero, a gradient along the [001] direction 
can clearly be recognized. The effect can even be 
analyzed quantitatively by averaging ay, column- 
and row-wise: that is, along the [1T0] and the 
[001] directions, respectively. Whereas ai is 
constant within the error at about 42% when 
‘moving the tip along the [170] direction, i clearly 
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reduces by about 16% from the left to the right 
side of the iskand. The lateral tip position ob- 
Viously may influence the switching behavior of 
the nanoisland at high tunneling currents, as il- 
lustrated in Fig. 4, C to E. If the tip is positioned 
above the island center, the influence of the 
ersted field along the [170] direction, which is 
the easy axis of the nanoisland, cancels (Fig. 4C). 
{In this case, pure spin-current-induced switching 
occurs, Likewise, no influence by the Ocrsted 
field is expected if the tip is moved from the 
‘center (o either island edge along the [110] di- 
rection (Fig. 4D) as the effective field acting on 
the island is oriented perpendicular to the casy 
axis. Only if the tip is moved from the center 
along the [001] direction one magnetic state is 
favored over the other by the Ocrsted field (Fig. 
4E). In this case, Ocrsted field effects influence 
the magnetic switching behavior, dependent on 
the tip position. A detailed analysis of the data 
yields that the effective activation barrier 
spliting of AE ~ ~2.4 + 0.2 meV at the center 
of the island is increased or decreased by up to 
0.7 + 0.2 meV when moving along the [001] 
direction to cither island edge. This finding 
indicates that the magnetization switching is 
dominated by the spin torque induced by 
the spin-polarized current, whereas the in- 
uence of the Ocrsted field remains small. A 
simple estimation of the energy splitting 
caused by the Oersted field, as obtained by 
integrating the expected field distribution of 
an infinitely expanded current line over the 
island area, yields a Zeeman energy of up to 
AE ovat = Sai - B (7) = 0.2 meV [lm = 
2.7941 (24)]', where m is the magnetic moment, 
Bis the Ocrsted field, is the position of atom i, 
and jig is the Bohr magneton. This estimated 
value is somewhat lower than the experimental 
result. We attribute the difference to the over- 
simplified geometry of our model. 

‘Our SP-STM studies provide insight into the 
details of current-induced magnetization switch- 
ing that has been inaccessible in experiments 


with lithographically fabricated tunnel junctions. 
‘The ultimate lateral resolution of SP-STM com 
bined with CIMS promises innovative perspec- 
tives for funure data storage technologies. 
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Global Pattern Formation and 
Ethnic/Cultural Violence 


May Lim,!? Richard Metzler,”? Yaneer Bar-Yam** 


‘We identify a process of global pattem formation that causes regions to differentiate by culture. 
Violence arises at boundaries between regions that are not sufficiently well defined. We model 
cultural differentiation as a separation of groups whose members prefer similar neighbors, with a 
characteristic group size at which violence occurs. Application of this model to the area of the 
former Yugoslavia and to India accurately predicts the locations of reported conflict. This model 
also points to imposed mixing or boundary clarification as mechanisms for promoting peace. 


ver the past 100 years, more than 100 
O= people have died in violent con- 

Aicts (/). Of these deaths, a great number 
are attributable to ongoing local conflict between 
culturally oF ethnically distinet groups. A scien- 
tific understanding of the underlying causes of 


‘ethnic violence could lead to policy changes that 
‘may help stop or prevent it. The existing literature 
(2-13) [see also bibliography of ethnic and cul- 
‘ural conflict in the supporting, online materials 
(14)] generally considers (i) the process by w 
cethno-religious identity is established and if inter 


wwwsciencemag.org 


ventions could diminish its importance relative to 
more inclusive identities, and (i) control mech- 
anisms of the state and of organizations of ethnic 
‘groups and if interventions could strengthen the 
state while subsuming or accommodating ethnic 
‘groups within state authority. More specific so- 
cial and economic factors identified in the litera- 
‘ure as contributing to violence include oppression 
‘of minorities, economic grievances, historical prec- 
cedents, competition for resources, favoritism, avail- 
ability of resources for violence, security fears, 
mobilization by elites, weak social ties, national 
ethnic diversity, territorial claims, religious oF po 
litical polarization, incendiary media, and inter- 
national influences. Although most ofthese studies 
consider national conditions, a few consider lo- 
cal violence to identify the role of local socio- 


‘economic or geographic factors (7-9). Here, we 
focus on an aspect of spatial population structure 
that has been neglected so far, we analyze the 
global pattem of violence and propose that many 
instances are consistent with the natural dynam- 
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1. Simulation of type separation with two types of agents [(A) to (E) show 
the system at 8, 64, 512, 4096, and 32768 attempted moves per particle, 
respectively]. The shape of domains (as characterized by the rescaled structure 
factor amplitude squared) remains constant after an initial transient (F), and 


ics of type separation (75-18), a form of pattem 
formation (19) also scen in physical or chemical 
phase separation. Violence arises due to the struc- 
{ure of boundaries between groups rather than as 
a result of inherent conflicts between the groups 
themselves. In this approach, diverse social and 
economic causal factors trigger violence when 
the spatial population structure creates a propen- 
sity to conflict, so that spatial heterogeneity itself 
is predictive of local violence, The local ethnic 
patch size serves as an “order parameter,” a me: 
sure of the degree of order of collective behavior, 

which other aspects of behavior are coupled. 
The importance of collective behavior implies that 
ethnic violence can be studied in the universal 
context of collective dynamics, where models, 
can identify how individual and collective be- 
havior are related 

A simple model of type separation is shown 
in Fig. 1, At E. The dynamics of this model 
assume that individuals preferentially move to 
areas where more individuals of the same type 
reside (/4), The resulting dynamics lead to pro- 
gressively larger patches (“islands” or “peninsu- 
las”) of each type. The average size of patches at 
particular time can be obtained by a number of 
different methods. We used overlapping spatial 
‘waves that represent the spatial variation of d 
population density. Each wave makes a contribu: 


conflict. 
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tion proportional to its correlation with the pop- 
ulation density (the structure factor or Fourier 
transform). The wavelength of the wave that has 
the maximum amplitude gives the average size of 
the patches. Other methods of obtaining the size 
of patches give similar results. The size of the 


patches grows as a characteristic power of time 
Fig. UF, inset), This behavior has been proven (20) 


to be a “universal behavior” that does not depend 
con many of the details of the model and therefore 
may be relied on to describe a large variety of 
systems of interacting elements; in particular, simi- 
Jar models have been used to describ 
of chemical interaction energies and chemical 
precipitation or phase separation (21, 22). The 
universal properties of the patterns upon rescal- 
ing of length and time also imply th “ 
of individual agents of the model 
aggregated into a sing 
comespondingly without changing the behavior 
at the larger seales (Fig, 1F). Thus, itis possible 
to consider a model agent to represent a local 
Population, and it is not necessary to model the 
behavior of each individual—an impractical 
undertaking 

To model violence, we assume that highly 
mixed regions do not engage in violence, and 
ncither do well-segregated groups, an intuitive 
hypothesis with empirical suppor (7). The analy- 


the average size of clusters grows as a power law linsetof(F] (74). Patches of a 
certain size that are surrounded by the other type are highlighted by red 
shading overlay in (A) to (E), We identify such regions with a high likelihood of 
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sis is applicable to communal violence and not to 
criminal activity or interstate warfare. In highly 
mixed regions, groups of the same type are not 
large enough to develop strong collective idemti- 
ties, oF to identify public spaces as associated with 
‘one or another cultural group. They are neither 
imposed upon nor impose upon other groups, 
and are not perceived as a threat to the cultural 
Values or sociaV/political selfletermination of 
‘other groups. Partial separation with poorly de- 
fined boundaries fosters conflict. Violence arises 
when groups are of a size that they are able to 
impose cultural norms on public spaces, but where 
there are still intermittent violations of these rules 
due to the overlap of cultural domains. When 
groups are larger than the eritical size, they typi- 
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Fig. 2. (A) Census data from 1991 shown here in map form were 
converted into a spatial representation and used in an agent-based 
simulation shown in (B). Our prediction of populations likely to be in 
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cally form self-sufficient entities that enjoy local 
sovereignty. Hence, we expect violence to arise 
\when groups of a certain characteristic size are 
formed, and not when groups are much smaller 
or larger than this size. The model of violence 
<depends on the distribution of the population and 
not on the specific mechanism by which the 
population achieves this structure, which may 
include internally or externally directed migra- 
tions. By focusing on the geographic distribution 
of the population, the model seeks a predictor of 
conflict that can be easily determined by census. 
This may work well because geography is an 

portant aspect of the dimensions of social space 
the dynamic coarsening process is universal, and 
other aspects of social behavior (€2.,isolation- 


i) 


(yellow dots, (0)]. 
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ism, conformity, as well as violence) are come- 
lated to it. 

The predictor that we identify based on spatial 
‘census data need not describe the immediate social 
or institutional triggers of violence, only the 
conditions under which violence bacomes likely 
Previous mescarch aiming to characterize ethnic 
cconilict by census data has focused on measures of 
ethnic or religious “fragmentation” (23-27), Such 
measures characterize the diversity of a country 
without reference to is spatial structure, Le, the 
overall proportions of ethnically distinet groups in a 
country. They are therefore distinct from the spatial 
charcteriztion of our study. The literature is 
divided sbout whether or which comeations exist 
h measures of national ethnic composition. We 
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conflict with neighboring groups {red overlay, (C) and (0)] agrees well 
with the location of cities reported as sites of major fights and massacres 
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find, however, that the spatial distribution of ethnic 
groups isa stong predictor of locations of violence. 

‘Mathematically, the expected vioknce was de- 
termined by detecting patches consisting of islands 
‘or peninsulas of one type surounded by popula 
tions of other types. We detected these features by 
correlation of the population for each population 
{ype witha template that has a positive center and a 
negative surround, To illustrate the effect of this 
comelation, for a particular template size, the 
maximum correlation over population types is 
superimposed as a red overlay in Fig. 1, A to E. 
‘Over time in this simulation, the patch size stats 
smaller, then passes through and becomes larger 
than the template size chosen, The specific tem- 
plate that we used is based on a wavelet filter 
(14, 28-30), Wavelets are designed to obtain a 
local measure of the degree to which a certain scale 
of variation (wavelength) is present. Outcomes are 
highly robust, and other templates give similar 
results Given the universality of the dynamic 
‘behavior, the diamcter of the positive region ofthe 
wavelet, i. the size ofthe local population patches 
that are likely to experience violence, s the only 
essential parameter of the model. The parameter is 
to be determined by agreement of the mocet with 
reparts of violence, though as we will see, the 
agreement is bust to vafation of the parameter. 
“The quality of the agreement provides a measure of 
the validity of the moda. 

To test the predictive ability of the model, we 
performed simulations tase on census dita for the 
former Yugoslavia and India. We assigned arcas of 
pixelated geographic maps pixal by pixel W ethnic 
‘groups a random, but in proportion to their dative 
‘population census in the region. Although this docs 
‘not reflect the physical geography or local mixing of 
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g70ups in buildings and villages, over an area of 
muliple pixels it captures the regional compesition 
‘of the census. The pixelated map serves as the 
beginning state forthe agent model. For Yugostavia, 
‘census data from the early 1990s before the outbreak 
of conflict (37, 32), as shown in Fig. 2A, were 
captured into an agent simulation (Fig. 2B), 
which was used to obtain the regions of expected 
violence shown in Fig. 2C. 

We then obtained from books (2), newspapers, 
and Intemet sources (see supperting online text) the 
locations of reparted violence for the area of the 
former Yugostavia. Multiple independent sources 
‘were usa 1 provide validation for each location of 
violnce (/4), We consider these reports as indi- 
‘ators of areas of actual violence, keeping in mind 
possible bias and incompleteness and that areas of | 
widespread vioknae are identified only by local 
tuban centers. In comparing such reports with mod- 
predictions, we note that the mode! identifies 
locations of groups of particular size, but the loca- 
tion of the actual violence should occur somewhere 
in the area between adjacent groups. Despite these 
caveats, overtaying the locations of reported and 
predicted violence in Fig, 2D demonstrates a 
significant ability of our simple model to identify 
regions of reparted violence. We performed statis- 
tical analyses comparing the pradicted to the re- 
Ported violence, evaluating the ability of the model 
odetermine both where violence occurs an! where 
violence does not ocour. For comparison, we rit- 
domized the locations of reprted violence. We 
defined “conflict proximity” as the distance between 
‘8 given porition and the nearest location of violence 
(predicted, reported, or randomized). We calculated 
Pearson's comelation and other statistical measures 
between the proximities of predicted and reported 
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Fig. 3. (A and B) Spatial representation of indian census data from 2001 of six indicated groups was 
converted into an agent-based simulation shown in (C). Our prediction of conflct-prone areas [red areas 
in (D)] agrees with states where major ethnic violence has been reported [red areas in (E)] between 1999 
‘and 2002, with the red shading intensity corresponding to the rank order of tates by numberof incidents. 
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violence, and compared them with the same mea 
sures in relation to randomized repomts. We founel 
thatthe model has & comreation of 0.9 with reports 
(0.89 to two significant digits), level of agreement 
not reached in any of 100,000 randomized trials. 
Moreover, the predicted results re highly robust © 
Parameter variation, with essentially equivalent 
‘agement obtained for filter diameters ranging fom 
18 to 60 ka, a range that is in agreement with 
intuition about the siz: of conflict areas, Below ar 
above this range, poorer agreement accurs. Details 
‘are provided in the supporting online test. 

‘We studied conflict in India as a second case 
study ofthe ethnic violence mode. We constructed 
«spatial representation of India on a district level 
from maps at wwwcensusindia.net and obtained 
the distribution of cthno-cultural groups from the 
2001 Census data at www:indiastatcom. The re 
sul can be sean in the form of three-color maps in 
Fig. 3, A and B, representing the relative densities 
‘of Hindus, Muslims, Christians, Sikhs, Buddhists, 
‘and Others (primarily Jains). The agent model is 
shown in Fig. 3C and the prediction of ethnic vi- 
‘olence is indicated in Fig 3D. Predictions cor- 
respond very well to the primary locations of 
“extremist” violence of goverment reports. as 
given by indiastatcom (Fig. 3E) and confirmed 
by independent sources (/4), particularly in 
Kashmir, Punjab, and the states of Northeast Inia 
Some additional areas of lesser violence were also 
predicted by the model, particularly Sharkhanc! 
an eastem state created in 2000 that has recently 
‘experienced some violence (/4, 33). Consistent 
\ith predicted results, the violence in this region is 
‘ot as prevalent as in other violence-prone areas of 
India. Statistical correlation measures of conflict 
‘proximity yield « correlation of 0.998 when the 
threshold is set above the value of predicted 
violence in Jharkhand. Ifthe dhreshold is set low- 
cr, 50 that violence in Jharkhand is included in 
predicted but not in reported cases, the comelation 
falls to 0.92. Including reported violence in 
Jharkhand when comparing at the lower threshold 
increases the comelation 1 0.98, Additional details 
are provided in the supporting online text. The 
range of filter diameter values for which good 
agroement was obtained overlaps that of the former 
‘Yugoslavia. However, itis shifled to lager values, 
upto ~100 km. This may reflect notonly the larger 
granularity of data, but perhaps also the effet of 
violence itsef on separation. Unlike Yugostavia, in 
India the census was performed during ongoing 
violence. Because violence accelerates the process 
of separation, groups in conflict ae likely to have 
separated substantially and reflect the high end 
of group sizes susceptible to violence. 

Govemmental and nongoverimental onsani- 
zations are devoting. increasing attention to the 
prevention of major conflict (34), Under some 
‘ireumstances, social and institutional factors that 
affect violence might serve to suppress the trig- 
geting of violence without changing the spatial 
structure of the population. However, influencing 
the spatial stricture might address the conditions 
that promote violence described here. Such ap- 
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prosches fave been and are being considered. For 
‘example, in Singapore, where $4% of the popu- 
lation lives in public housing (33), regulations that 
explicitly reongnize the role of spatial segregation in 
sectarianism specify the percentage of ethic groups 
to occupy housing blocks (36), This legally 
compels ethnic mixing at a scale finer than that 
‘which our study finds likely to lead to violence. 
Given the natural tendency toward social separa 
tion, maintsining such mixing requires a level of 
authoritarianism that might not be entertained in 
‘other locations. Sill, despite social tensions (37), 
the current absence of violence provides some 
suppert to our analysis. The altematve approach- 
aiding in the separation process by establishing, 
clear boundaries between cultural groups. t0 
prevent violence—has also gained roventatten- 
tion (38, 39). Although further studies are 
needed, there exis assessments (39) ofthe impact 
‘of historical partitions in Ireland, Cyprus, the 
Indian subcontinent, and the Middle East that 
may be consistent with the understanding of type 
separation and a critical scale of mixing oF 
‘separation presented here. 

‘The insight provided by this study may help 
inform policy debates by guiding our understanding 
‘of the consequences of policy altematives. The 
‘purpose of this paper does not include prometing 
specific policy options, Although our work re- 
inforces suggestions to consider separation, we are 
‘not diminishing the relevance of concems about the 
desinibilty of separation oF its process. Even where 
separation may be indicated as a way of preventing 
Violence, caution is warranted to ensure that the 
{goal of preventing violence does not become a 
justification for violence. Moreover, even a peacefil 
‘process of separation is likely to be cbjectionable. 
There may be ways to positively motivate 
separation using incentives, as well as to mitigate 
negative aspects of separation that often indude 
displacement of populstions and mobility barriers. 

Ourresults forthe range of iter diameters that 
provide good statistical agreement between 
reported and predicted violence in the former 
‘Yugoslavia and India suggest that regions of width 
less than 10 km o grenter than 100 km may 
‘provide sufficient mixing ot isolation to reduce the 
chance of violence. These bounds may be affected 
bby a variety of secondary factors including social 
and economic conditions: the simulation resolu 
tion may limit the accuracy of the lower limit: and 
‘boundaries such as rivers, other physical barriers, 
or political divisions will surely play a role. Still, 
this may provide jnitial guidance for strategic 
planning, Identifying the nature of boundaries to 
be established and the means for ensuring their 
stability, however, must reflect local issues. 

ur approach does not consider the retitive 
merits of cultures, individual acts, or immediate 
causes of violence, but her the conditions that may 
‘promote violence. itis woth considering whether, in 
places where cultural diferentton is taking place, 
‘conflict might be prevented or minimized by political 
‘cts that create appropiate boundaries sited to the 
ccument geocultunl regions rather than the existing 
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historically based state boundaries. Such bounda- 
ries need not inhibit trade and commerce and need 
‘not mark the boundaries of states, but should allow 
cach cultural group to adopt independent behav 
iors in separate domains. Peaceful coexistence 
nead not require complete integration. 
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Crystal Structure of an Ancient 
Protein: Evolution by 
Conformational Epistasis 


Eric A. Ortlund,"* Jamie T. Bridgham,2* Matthew R. Redinbo,” Joseph W. Thornton?t 


‘The structural mechanisms by which proteins have evolved new functions are known only indirectly. 
We report x-ray crystal structures of a resurrected ancestral protein—the ~450 million-year-old 
precursor of vertebrate glucocorticoid (GR) and mineralocorticoid (MR) receptors. Using structural, 
Phylogenetic, and functional analysis, we identify the specific set of historical mutations that 
recapitulate the evolution of GR’s hormone specificity from an MR-like ancestor. These 
substitutions repositioned crucial residues to create new receptor ligand and intraprotein contacts. 
Strong epistatic interactions occur because one substitution changes the conformational position 
of another site. “Permissive” mutations—substitutions of no immediate consequence, which 
stabilize specific elements of the protein and allow it to tolerate subsequent function-switching 
changes—played a major role in determining GR’s evolutionary trajectory. 


central goal in molecular evolution is to 
A sinless nd 
ies by which changes in gene sequence 
generate shifis in function and therefore pheno- 
type (I, 2). A complete understanding of this 


process requires analysis of how changes in protein 
structure mediate the effects of mutations on 
function. Comparative analyses of extant proteins 
hhave provided indirect insights into the diversifi- 
cation of protein structure (3-6), and protein 
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‘engineering studies have elucidated structure- 
function relations that shape the evolutionary 
process (7-11), To directly identify the mecha- 
nisms by which historical mutations generated 
new functions, however, it is necessary to 
‘compare proteins through evolutionary time. 
Here we report the empirical structures of an 
ancient protein, which we “Yesumected” (/2) by 
phylogenetically determining its maximum likeli 
hhood sequence from a large database of extant se- 
‘quences, biochemically synthesizing a gane coding 
for the inferred ancestral protein, expressing it in 
cultured cells, and determining the protein's 
structure by x-ray crystallography. Specifically, we 
investigated the mechanistic bass for the functional 
evolution of the glucocorticoid receptor (GR), 
hhormone-regulatd transcription fictor present in all 
jawed vercbrats (/3), GR and its sister gene, the 
‘mineraloconticoid receptor (MR), descend from the 
‘duplication of a single ancient gene, the ancestral 
ccorticoid receptor (AncCR), deep in the vertebrate 
lineage ~450 million years ago (Ma) (Fig. 1A) (/3). 
GR is activated by the adrenal steroid cortisol and 
‘regulates stress response, glucose homeostasis, and 
‘other functions (/4), MR is activated by aldosterone 
in tourspoxs and by deoxyeorticasterone (DOC) in 
{cleoss to control electrolyte homenstass, kidney 
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Fig. 11. (A) Functional evolution 
of corticosteroid receptors. Dose- 
‘response curves show transcrip- 
tion of a luciferase reporter gene 
by extant and resurrected ances- 
tral receptors with varying doses 
{in tog M) of aldosterone (green), 
DOC (orange), and cortisol (pur- 
pile). Black box indicates evolution 
‘of cortisol specificity. The number 
‘of sequence changes on each 
‘branch is shown (aa, replacement; 
‘A, deletion). Scale bars, SEM of 
three replicates, Node dates from 
the fossil record (19, 20), For com 
plete phylogeny and sequences, 
see fig. 510 and table SS. (B) 
Crystal structure of the AncCR LBD 
with bound aldosterone (green, 
with red oxygens). Helices are la- 
beled. (© AncCR’s figand-binding 
pocket. Side chains (<4.2 A from 
bound ligand) ate superimposed 
from crystal structures of AncCR 
with aldosterone (green), DOC 
orange), and cortisol (purple). 
‘Oxygen and nitrogen atoms are 
ted and blue, respectively; dashed 
lines indicate hydrogen bonds. 
‘Arrows show C1, C17, and C18 
positions, which differ among the hormones. 
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and colon function, and other processes (/4). MR is 
sso sensitive to contisl, though considerably less 
0 than to aldosterone and DOC (13, 15). 
Previously, AncCR was resurected and found to 
have MR-like sensitivity to aldosterone, DOC, ond 
certisol, indicating that GR's cortisol specificity is 
evolutionarily derived (13). 

To identify the structural mechanisms by 
Which GR evolved this new function, we used 
‘ray erystallography to determine the structures 
of the resurrected AncCR ligand-binding domain 
(LBD) in complex with aldosterone, DOC, and 
cortisol (6) at 1.9, 2.0, and 2.4 A resolution, 
respectively (table $1), All strictures adopt the 
‘classic active conformation for nuclear reptons 
(17), with unambiguous electron density for each 
hormone (Fig. 1Band figs. $1 and S2). AncCR's 
structure is extremely similar to the human MR 
[root mean square deviation (RMSD)= 0.9 A for 
all backbone atoms} and, o a lesser extent, to the 
human GR (RMSD = 1.2 A). The network of 
hydrogen-bonds supporting activation in the 
human MR (18) is present in AncCR, indicating 
that MR’S structural mode of action has been 
conserved for >400 milion years (fig. $3). 

Because aldosterone evolved only in the 
tetrapods, tens of millions of years ater AncCR, 
that receplor's sensitivity to aldosterone was 
surprising (3). The AncCR-ligand structures 
indicate that the receptor’s ancient response 10 
aldosterone was a structural by-product of its 
sensitivity to DOC, the likely ancestral ligand, 
which it binds almost identically (Fig. 1C). Key 
contacts for binding DOC involve conserved 
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surfaces among the hormones, and no obligate 
‘contacts are made with moieties at C1, C17, and 
CIS, the only variable positions among the three 
‘hormones. These inferences are robust to uncer- 
tainty inthe sequence reconstruction: We modeled 
‘each plausible altemate reconstruction [ posterior 
probability (PP) > 0.20] into the AncCR erystal 
structures and found that none significantly af- 
fected the backbone conformation or ligand inter- 
‘actions, The receptor, therefore, had the structural 
Potential to be fortuitously activated by aldoster- 
‘one when that hormone evolved tens of millions 
‘of years later, providing the mechanism for evo~ 
lution of the MR-aldosterone partnership by mo- 
lecular exploitation, as described (/3). 

‘To determine how GR’ preference for cortisol 
cevalved, we identified substitutions that occured 
«luring the same period as the shift in GR function, 
We used maximum likelihood phylogenetics to de- 
termine the sequences of ancestral receptors along, 
the GR lineage (/6), The reconstructions had strong, 
‘support, with mean PP>0,93 and the vast majarity 
of sites with PP >090 (ables S2 and $3), We 
synthesized a cDNA for each reconstructed LBD, 
‘expressed it in cultured cells, and experimentally 
characterized its homene sensitivity in a reporter 
gene transcription assay (/6). GR. from the com 
‘mon ancesor of all jawed vertebrates (AneGRI in 
Fig. 1A) retained AncCR's sersitivity to aldaster- 
‘one, DOC, and cortisol. Atthe next node, however, 
GR from the common ancestor of bony vertebrates 
(AncGR2) had a phenotype like that of modem 
GR, responding only to cortisol. This inference is 
‘robust to reconstruction uncertainty: We introduced 
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plausible altemative sttes by mutagenesis, but 
‘none changed function (fig. S4). GR’s specificity 
therefore evolved during the interval between these 
{wo speciation events, ~420 w 440 Ma (19, 20). 

During this interval, there were 36 substitutions 
‘and one singlecadon deletion (figs. SS and $6). 
Four substitutions and the deletion are conserved in 
‘one state in all GRs that descend from AncGR2 and 
in anther state in all receptors with the ancestral 
function, Two of these—S106P and L111Q (21) 
‘were previously identified as increasing cortisol 
specificity when introduced into AncCR (13). We 
introduced these substitutions ino AncGRI and 
found that they recapitulate a large portion of the 
functional shift from AncGR1 to AncGR2, madi- 
cally reducing aldosterone and DOC response 
‘while maintaining moderate sensitivity to cortisol 
(Fig, 2A); the concentrations required for half= 
‘maximal activation (EC:») by aldosterone and 
DOC increased by 169- and $7-f0ld, espectively, 
‘whereas that for cortisol increased only «world. A 
strong epistaic interaction between substitutions 
‘was apparent: LI11Q alone had litle effect on 
sensitivity o any hormone, but $1O6P dramatically 
reduced activation by all ligands. Only the 
‘combination switched receptor preference fiom 
aldosterone and DOC to cortsol, Introducing these 
historical substitutions into the human MR. yielded 
4 completely nonfunctional receptor, as did 
reversing them in the human GR (fig. $7), These 
results emphasize the importance of having the 
ancestral sequence to reveal the finetional impacts 
‘of historical substitutions 

‘To determine the mechanism by which these 
‘wo substitutions shift function, we compared the 
structures of AncGRI and AneGR2, which were 
generated by homology medeling and energy 
minimization based on the AncCR and human 
GR crystal structures, respectively (/6). These 
structures are robust to uncertainty in the recon- 
struction: Modeling plausible altemate states did 
‘not significantly alter backbone conformation, 
interactions with ligand, or intraprtein interactions. 
‘The major structural difference between AncGRI 


Fig. 2. Mechanism for switching 
‘AncGR1's ligand preference from al- 
dosterone to cortisol. (A) Effect of 
substitutions S106P and L1119 on the 
tesurtected AncGRY's resporse to hor- 
‘mones, Dashed lines indicate sensitivity 
to aldosterone (green), cortisol (purple), 
and DOC (orange) as the ECo for 
teporter gene activation. Green arrow 
shows probable pathway through a 
functional intermediate; red arrow, 
intermediate with radically reduced 


o 


Fold activation 


ee | anyaante 
a se]sio8e 
sensitivity to all hormones. (B) Struc- 
tural change conferring new ligand =“ = 
specticity, Backbones of helices 6 and > 5 
7 from AncGRI (green) and AncGR2 9, ° 


(yellow) in complex with cortisol are 
superimposed. Substitution $106? 
‘induces a kink in the interhelical loop 


and AncGR2 involves helix 7 and the loop 
preceding i, which contain S1OSP and LINQ 
‘and form pat of the ligand pocket (Fig. 2B and fig. 
8). In AncGRI and AncCR, the loop’s position is 
stabilized by a hydrogen bond between Ser" and 
the backbone carbonyl of Mat". Replacing Ser" 
\ith protine in the derived GRs breaks this bond 
and inuoduces a sharp kink into the backbone, 
\Which pulls the lop downward, repositioning and 
partially unwinding helix 7. By destabilizing this 
crucial region of the receptor, SIO6P impairs 
activation by all ligands. The movement of halix 
7, however, also dramatically repositions site 111, 
bringing it close to the ligand, In this conform- 
tional background, LI11Q genorates a hydrogen 
bond with contisl’s C17-hyelroxyl, stabilizing the 
receptor-hormone complex. Aldosterone and DOC 
lack this hydroxyl, so the new bond & cortsol- 
specific. The net effect of these wo substitu- 
tions isto destabilize the receptor complex with 
aldosterone of DOC and restore stability in a 
cortisokspecific fashion, switching AncGR2's pref= 
cerence 10 that hormone. We call this mode of 
structural evolution conformational epistasis, be- 
cause one substituion remodels the protein back- 
bone and repositions a second site, changing the 
functional effsct of substitution at the later. 

Although S106P and L111Q (“group X” for 
‘convenience) recapitulate the evolutionary switch 
jn preference fom aldosteron: 10 cortisol, the 
receptor reins some sensitivity to MR's ligands, 
unlike AneGR2 and extant GRs. We hypothesized 
that the other three strictly conserved changes that 
coccummed between AncGRI and AncGR2 (L29M, 
PUBL, and dektion $2124) would complet the 
functional switch. Suprsingly, introducing these 
“group Y” changes into the AncGR I and AncGRI + 
X backgrounds produced completely nanfunc- 
tional receptors that cannot activate transcription, 
even in the presence of high ligand concentrations 
(Fig, 3A). Additional epistatic substitutions must 
hhave modulated the effect of group Y, which pro- 
Vided a pemnissive background for their evolution 
that was no yet present in AncGR I. 


{ros 8 


M0 8 SFB FSS 

3 

357 4 {1-09 67 6 3 
Hormone (log M) 


The AncCR crystal structure allowed us to 
identify these permissive mutations by analyzing 
the effects of group Y substitutions (Fig. 3B). 
In all steroid receptors, transcriptional activity 
depends on the stability of an actvation-function 
helix (AF-H), which is repositioned when the 
ligand binds, generating the interface for tran- 
scriptional coactivators, The stability of this 
‘orientation is determined by a network of inter- 
‘actions among three structural elements: the loop 
preceding AF-H, the ligand, and helix 3 (17). 
‘Group Y substitutions compromise activation be- 
‘cause they disrupt this network, $2124 eliminates 
‘ahydrogen bond that directly stabilizes the AF-H 
Joop, and L29M on helix 3 ereates a steric clash 
and unfavorable interactions with the D-ring of 
the hormone. FRI opens up space between helix 
3, helix 7, and the ligand: the resulting instability 
is wansmitted indircctly to AF-H, impairing 
activation by all ligands (Fig, 3B). If the protein 
could tolerate group Y, however, the structures 
predict that these mutations would enhance 
cortisol specificity: L29M forms a hydrogen 
bond with cortisol’s unique C17-hydroxyl, and 
the additional space created by F9BI relieves a 
steric clash between the repositioned loop and 
Mat! stabilizing the key interaction between 
QII1 and the C17-hydroxyl (Fig, 3B). 

We hypothesized that historical substitutions 
that added stability to the regions destabilized by 
‘group Y might have permitted the evolving pro- 
{cin to tolerate group Y mutations and to complete 
the GR phenotype. Strctural analysis suggested 
two candidates (group Z): N26T generates a new 
hydrogen bond between helix 3-and the AF-H 
Joop, and Q1OSL allows helix 7 to pack more 
tightly against helix 3, stabilizing the latter and, 
indirectly, AF-H (Fig. 3B). As predicted, intro- 
ducing group Z into the nonfunctional AnoGRI + 
X + ¥ receptor restored transcriptional activity, 
indicating that Z is permissive for Y (Fig. 3A). 
Further, AncGR1 + X + ¥ +Z displays a fully 
GR-like phenotype that is unresponsive to 
aldosterone and DOC and maintains moderate 


‘of AncGR2, repositioning sites 106 and 111 (arrows). n this background, L120 forms a new hydrogen bond with cortisol’s unique C17-hydraxyl (dotted redline). 
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contisol sensitivity. Both N26T and QUOSL are 
‘required for this effect (table S4), Strong epistasis 
is again apparent: Adding group Z substitutions 
inthe absence of ¥ has litle orno effet on ligand- 
activated transcription, presumably because the 
receptor has not yet been destabilized (Fig. 3A). 
Evolutionary trajectories that pass through fisnc- 
tional intermediates are more likely than those 
involving nonfunctional steps (22), so the only 
historically likely pathways to AneGR2 are those 
in which the permissive substitutions of group Z 
and the large-eftect mutations of group X occurred 
before group Y was complete (Fig. 3C), 


Fig. 3. Permissive substitutions in the 


‘evolution of receptor specificity. (a) A 
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tion yields complete cortisol specfcty. 


Our discovery of permissive substitutions in the 
AncGRI-AncGR2 interval suggested that other 
Permissive mutations might have evolved even 
cartier We used the structures to predict whether 
any of the 25 substitutions betwean AncCR and 
‘AneGR (fig SS) might be quired forthe receptor 
to tolerate the substitutions that later yielded GR 
function. Only one was predicted to be important: 
Y2TR, which is conserved in all GRs, stabilizes 
helix 3 and the igand pocket by foning a cation- 
imeraction with Tye” (Fig. 4A) When we reversed 
'Y27R in the GRike AncGRI +X + ¥ +Z, 
activation by all ligands was indeed abolished (Fig. 


Honmone sensitivity (ECso.nM) 
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4B). In contrast introducing Y27R into AncCR 
(Fig. 4B)or AncGRI (fig, $9) had negligible effect 
‘on the eceptor’s espanse to any hormone. By con 
ferring increased stability on a crucial pat of the 
‘receptor, Y27R created a permissive sequence envi- 
‘ronment for substitutions that, millions of years later, 
remodeled the protein and yielded a new function, 

‘These results shed light on long-standing issues 
in evolutionary genetics. One classic question i 
\hether adaptation proceeds by mutations of large 
‘or small effect (23). Our findings are consistent with 
‘a mode! of adaptation in which large-cffect mute 
tions move a protein from one sequence optimum 


‘The 95% confidence interval for each 
Cao isin parentheses. Dash, no acti- 
vation. (B) Structural prediction of 
permissive substitutions. Models of 
‘AncGR1 (green) and AncGR2 (yellow) 
are shown with cortisol. Group X and Y 
substitutions. (circles and. rectangles) 
yidd new interactions with the C17- 
hhydronyl of cortisol (purple) but. de- 
stabitian receptor regions required for 
activation, Group 2 (underlined) imparts 
additional stability to the destabilized 
regions. (C) Restricted evolutionary 
paths through sequence space. The 
‘comers of the cube represent states for 
residue sets X, Y, and Z. Edges represent 
pathways from the ancestral sequence 
{AncGR1) to the cortiso-specific combi- 


nation (+XYZ). Filed circles at vertices show sensitivity to aldosterone (green, DOC (orange, and cortisol (purple; empty crcles,no activation, Red octagon, paths 
through nonfunctional intermediates arrows, paths through functional intermediates with no change (hte) or switched igand preference (green). 


A 


Fig. 4, Structural identification of 
an ancient permissive substitution. 
(A) Comparison of the strucures of 
AncCR (blue) and AncGR2 (yellow). 
Y27R generates @ novel cation 
{interaction in AncGR2 (dotted cyan 
tine), replacing the weaker ances- 
tral hydrogen bond (dotted red) 
and imparting additional stability 
to helix 3. (B) Y27R is pensive 
{or the substitutions that confer GR 
function. Reporter gene activation 
bby AncGR1 + XYZ (upper right) is 
abolished when ¥27R is reversed 
Mower right). eft) Y27R has 
negligible effect in the AncCR 
‘background (or in AncGR, fg. $9). 
Green, orange, and purple lines 
show aldosterone, DOC, and cort- 


rae oe 


sol responses, respectively. Green arrows, likely pathway through functional intermediates. 
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to the region ofa different function, which smaller 
effect substitutions then fine-tune (24, 25); permis- 
sive substitutions of small immediste effect, 
however, precede this process. The intrinsic 
difficulty of identifying mutations of small effect 
creates an ascertainment bias in favor of lage-fleet 
‘mutations; the ancestral structurss allowed us 
isolate key combinations of small-cffet substitu- 
tions fom a lange set of historical possibilities, 

‘A second contentious issue is whether epistasis 
makes evolutionary histories contingent on chance 
events (26, 27) We found several examples of 
‘strong epistasis, where substitutions that have very 
‘weak effects in isolation are required for the protein 
1o tolerate subsequent mutations that yield a new 
function, Such pamnissive mutations create “ridges” 
‘connecting functional sequence combinations and 
rnamow the range of sectively accessible path= 
ways, making evolution more predictable (28). 
Whether ridge is followed, however, may not bea 
doterministic outcome. If there are few potentially 
permissive substitutions and these are nearly 
‘neutral, then whether they will occur is largely a 
matter of chance. Ifthe historical “tape of life” 
‘could be played again (29), the required penissive 
‘changes might not happen, and a ridge leading to a 
‘new function could become an evolutionary wad 
rot taken, 

(Our results provide insights into the structural 
‘mechanisms of epistasis and the historical evo- 
lution of new functions. GR’ functional speci- 
ficity evolved by substitutions that destabilized 
the receptor structure with all hormones but 
compensated with novel interactions specific to 
the new ligand. Compensatory mutations have 
‘been thought to occur when a second substitution 
restores a lost molecular interaction (30). Our 
findings support this notion, but in a reversed 
order: Permissive substitutions stabilized specific 
structural elements, allowing them to tolerate 
later destabilizing mutations that conferred a new 
function (9, 10, 31). We also observed a more 
striking mechanism: conformational epistasis, by 
‘which one substitution repositions another resi- 
due in three-dimensional space and changes the 
effets of mutations at that ste, It is well known 
‘that mutations may have nonadditive effects on 
protein stability (32), and fitness (9, 33), but we 
are aware of few cases (/1, 34) specifically docu- 
‘menting new functions oF epistass via confor 
‘miational remodeling, This may be due to the lack 
of ancestral structures, which allow evolutionary 
shifts in the position of specific residues to be 
determined. Conformational epistasis may be an 
important theme in structural evolution, playing a 
role in many cases where new gene functions 
evolve via novel molecular interactions. 
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A Common Fold Mediates Vertebrate 
Defense and Bacterial Attack 
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Proteins containing membrane attack complex/perforin (MACPF) domains play important roles in 
vertebrate immunity, embryonic development, and neural-cell migration. In vertebrates, the ninth 
component of complement and perforin form oligomeric pores that lyse bacteria and kill virus- 
infected cells, respectively. However, the mechanism of MACPF function is unknown, We 
determined the crystal structure of a bacterial MACPF protein, Plu-MACPF from Photorhabdus 
luminescens, to 2.0 angstrom resolution. The MACPF domain reveals structural similarity with pore- 
forming cholesterol-dependent cytolysins (COCs) from Gram-positive bacteria. This suggests that 
lytic MACPF proteins may use a CDC-tike mechanism to form pores and disrupt cell membranes. 
Sequence similarity between bacterial and vertebrate MACPF domains suggests that the fold of the 
COCs, a family of proteins important for bacterial pathogenesis, is probably used by vertebrates for 
defense against infection. 


(MACPF) domain was originally identi- 


T ‘membrane attack complex/perforin 


fied and named as being common to five 


‘complement proteins (C6, C7, C8a, C8B, and 
(C9) and perforin (/-3) (fig. S1). These mole~ 
cules perform critical functions in innate and 
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adaptive immunity. Despite limited sequence 
similarity between their MACPF domains, 
both perforin and C9 oligomerize and form 
pores that cause cell lysis (/). Complement 
factors C6 to C9 assemble to form a scaffold 
{the membrane attack complex (MAC)] that 
permits C9 polymerization into pores that 
lyse Gram-negative pathogens. Perforin is 
delivered by natural killer cells and cyto- 
toxic T lymphocytes and forms oligomeric 
pores (12 to 18 monomers) in the plasma 
membrane of either virus-infected or trans- 
formed cells (4-7). Studies on these mole- 
cules have shown that the MACPF domain 
oligomerizes, undergoes conformational 
change, and is required for lytic activity 
(8,9). 


Position-Specitic Herated (PSI)-BLAST 
searches (J0, 11) using the sequence of 
MACPF domains identify >300 proteins with 
significant expect scores. In addition to 
proteins involved in invasion and defense 
(12, 13), family members include nonlytic 
proteins such as Astrotactin (/4) (ncural 
migration) and Drosophila Torso-like protein 
(13) (embryonic development). Functionally 
uncharacterized MACPF proteins are also 
evident in pathogenic bacteria such as 
Chlamydia spp. (11) and. Photorhablus lumi- 
‘nescens (fig. $2). The MACPF family shares 15 
to 20% sequence identity within the MACPF 
domain, and all members include the signa- 
ture motif Y/W-G-T/S-H-F/Y-X«-GG, where 
X is any amino acid (17, 16) (fig. $2). 


MAcer 


Fig. 1. The structure of Plu-MACPF. (A) Secondary-structure elements are labeled (see also fig. $2); 
CH1 and CH2 are shown in red. Two Ca atoms are shown as gray spheres, and the numbers 
represent the strand numbering of the B sheet. (B) Structure of PFO (19). Core elements of 
secondary structure common to both MACPF and COCs are colored accordingly. In PFO, the region 
equivalent to the C sheet in MACPF is continuous with the light blue sheet and is shown in yellow. 
‘The first strand of the tight blue sheet is shortened and at the top of the sheet, and the region in 
PFO equivalent to the A sheet (magenta) has collapsed over to form §-sheet hydrogen bonding with 
the second strand of the light blue sheet. (C) Stereo view of the superposition of the core of MACPF 


and PFO. 
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We targeted MACPF proteins for struc- 
tural studies (7). Only one of these 
proteins, Plu-MACPF from P. luminescens, 
expressed solubly and yielded crystals (table 
SI). Although Plu-MACPF binds to the 
surface of insect cells (fig. $3), itis nonlytic 
under a range of conditions (see supporting 
‘online material data). However, the structure 
of its MACPF domain was expected to 
provide broad insight into the structure and 
mechanism of function of the MACPF 
superfamily. 

‘The 2.0 A crystal structure of Plu-MACPF 
shows that the 507 residues are divided into an 
Neterminal MACPF domain and a C-terminal f- 
prism type I domain (Fig. 1 and fig. S4A). The 
MACPF domain is a flat box-shaped molecule, 
featuring a ~S0A four-stranded antiparallel 
sheet (the B sheet) that contains « ~90° twist at 
strands s4B and s4’B. Two small clusters of a 
helices (cluster of helices-t (CHI) and CH2] are 
packed on each side of the base of the B sheet and 
form much of the bottom half of the domain (Fig. 
1A), The top of the MACPF domain comprises 
the two-stranded A sheet, the C sheet, and four 
short a helices (B and F tH), The Syprism 
domain is underneath CHI and CH2 and 
‘comprises three antiparallel sheets. approxi 
mately related by a threefold axis. The frprism 
fold is associated with membrane interaction 
(U8); however, sequence searching revealed that 
it is mot found in other members of the MACPF 
superfamily 

Structural characteristics of the MACPF 
domain, such as its flattened shape and 
twisted L-shaped central f sheet, bear a 
striking resemblance to the cholesterol- 
dependent cytolysin (CDC) family of toxins 
U9). Superpositions and topology diagrams 
(Fig, 1 and fig. $4) confirmed that the 
MACPF domain and domains 1, 11, and 111 of 
the archetypal CDC perffingolysin O (PFO) 
from Clostridium perfringens share a common 
core fold [root mean square (rms) deviation of 
3.8 A per atom over 361 Ca atoms}. The 
central B sheet, as well as the two clusters of a 
helices that switch to a membrane-spanning fy 
conformation in PFO [transmembrane 
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hairpin 1 (TMH1) and TMH2, which corre- 
spond to CHI and CH2, respectively, in 
MACPF}, are conserved between the two 
structures (rms deviation of 0.9 A per atom 
over 59 Ca atoms). Only three conserved 
residues in MACPF (G209, G270, and G271) 
(fig, $2) are also conserved in the CDC 
superfamily (equivalent residues in PFO: 
274, G324, and G325) (19), which explains 
why PSI-BLAST searches using the MACPF 
sequences do not identify members of the 
CDC family with significant expect scores. 
The N- and C-terminal regions that flank the 
conserved core, which in PFO correspond 
langely to the noncontiguous linker domain Il, 
are substantially different. Rather than 

single a helix (L helix), the linker in PFC 
composed of a twisted B strand supported by 
aan elongated hairpin derived from the N 
terminus (Fig, IB and fig, $4). Despite these 


Fig. 2. Sequence conservation in 
the MACPF domain, Conserved resi- 
‘dues in the MACPF family mapped 
‘onto the structure of ‘Plu-MACPF 
(table $2). Three G residues (6209, 
6270, and G271) are also conserved 
in COCS (red text). Two highty con- 
served clusters are circled, and the 
‘numbering is for Plu-MACPF. 


differences, the similarity of a complex core 
fold, together with functional similarities 
(20), suggests that MACPF domains and 
CDCs are homologous. We therefore propose 
that lytic MACPF proteins use a CDC-like 
mechanism of oligomerization and membrane 
insertion. 

CDC-producing Gram-positive pathogens 
cause mortality in humans. In addition to 
PFO, well-characterized CDCs include pneu- 
molysin (Streptococcus pneumoniae) and 
streptolysin O (Streptococcus pyogenes) 
21). Like C9 and perforin, CDCs oligomer- 
ize, undergo conformational change, and 
insert into membranes to form doughnut- 
shaped pores (22), The molecular mechanism 
of pore formation of PFO and pneumolysin is 
well understood, involving ~30 molecules 
assembling via the flat faces of the globular 
head into a pre-pore oligomer that binds the 


cell membrane via the base of the C-terminal 
immunoglobulin domain (9, 2/-24). A 
conformational change results in the helical 
clusters TMHI and TMH2 of each CDC 
unravelling 10 form two elongated amp 
pathic 8 hairpins that span the membrane 
(fig. $5). This converts the pre-pore into 
giant f-barrel-tined channel (9, 2/-24). 
Although the amphipathic pattem of amino 
acids in TMH2 in PFO is imperfect (fig. $6), 
fluorescence and electron microscopy data 
reveal that this region is nonetheless able to 
insent into membranes (24). An analysis of 
the sequence of C9 and perforin also reveals 
an altemating pattem of hydrophobic and 
hydrophilic residues in CHI and CH2, 
similar to that seen in TMH and TMH2 of 
CDCs and consistent with the ability to form 
an amphipathic membrane-spanning 
hairpin (Fig. 1 and fig, $6), Together with 
the structural similarity, these data suggest 
that, rather than using two amphipathic a 
helices as originally proposed (25), lytic 
MACPF proteins span membranes. using 
amphipathic strands derived from CHI 
and CH2. 

Like TMH! and TMH2 in CDCs, the s 
quence of CHI and CH2 represents the most 
Variable region of the superfamily, providing 
an exception to the general rule that functional 
‘elements tend to be highly conserved (4, 19). 
‘An analysis of the patterns of conservation in 
MACPF reveals that the MACPF signature 
motif Y/W-G-1/S-H-FVY, originally proposed 
to form one of two predicted membrane~ 
spanning « helices (25), ties at the interface 
‘between CHI and the body of the molecule 
(Figs. 2 and 3A and table $2). In CDCs, this 
region undergoes conformational change to 
allow TMHI to unfurl (19, 22-24). Another 
cluster of conserved residues centers on the 
‘sharp bend in the B shect and includes four G 
09, G210, G270, and G271) that 
conserved in all MACPF protei 
(Figs. 2 and 3B), In CDCs, three of these G 
residues are conserved (G274, G324, and 
(G325 in PFO) and function as a hinge that 
allows sheet straightening during “hole 
punching” (/9, 22-24). We suggest that these 


Fig. 3. Atomic interactions made by highly conserved residues. 
Interactions around (A) the conserved signature motif YW-G-S-H-FY 
and (B) the bend in the 8 sheet. In both panels, red labels indicate 
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conserved residues, and yellow spheres on the Ca position 
residues that are mutated in FHL. The numbering in bath panels is for 
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Fig. 4. Position of disease-tinked 
‘mutations in perforin. The positions 
‘of mutations in perforin that cause 
early onset FHL (yellow) and late 
‘onset atypical FHL (pale green) are 
shown by spheres (table 52). The 
‘numbering is for perforin, and red 
text indicates a mutation of a con- 
served residue (table 52). The 
positions of G249 and E261 in per- 
forin are approximate, because 
these are insertions relative to 
Plu-MACPF, The position of the 
CD59 binding site in C9 and CBa 
is indicated by a black circle (30). 


residues may permit a similar conformational 
change in the MACPF domain 

‘The structure of the MACPF domain 
gives us a better understanding of mutations 
in perforin that cause the rare immunological 
disorder familial hemophagocytic lympho 
histiocytosis (FHL) (4). In addition to mis- 
sense mutations of highly conserved residues 
(Figs. 3 and 4 and table S2), several perforin 
mutations map to CHI and CH2 or their 
surrounding pockets, consistent with a func~ 
tional role for these regions (Figs. 3 and 4) 
However, the most intriguing perforin vari- 
ant identified to date is the ASV (Y92 in 
Plu-MACPF) polymorphism of perforin 
Which occurs at a frequency of ~3 to 17% 
and is linked (0 misfolding, decreased lytic 
activity, and predisposition (o late onset hemo- 
phagocytic Iymphohistiocytosis (4, 26-28). 
This variant maps 1 the s2A/S1B loop and 
its interface with the F helix (Fig. 4). Further, 
the dysfunctional variant V183G (168 in Plu- 
MACPF) maps to the F helix and is predicted 
to pack against A9 (Y92) (Fig. 4). Thus, 
perturbations of the s2A/sIB-F helix interface 
‘may underpin the perforin ASV misfolding 
phenotype. 

Previous studies have shown that C9/ 
MAC activity is controlled by host inhibitors 
such as CD59 that prevent unwanted cell 
lysis. Sequences on C9 and CRa tha 
participate in CDS9 binding (29, 30) map to 
CH2 (Fig. 4). Thus, we suggest that CDS9 
may regulate MAC function by interfering 
with CH2. 

‘The MACPF domain is commonly found 
to be associated with other N- and C-terminal 
‘modules (fig. S1) that probably control or 
target MACPF function. For example, the C- 
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terminal C2 domain of perforin mediates 
initial interactions with membranes (4), an 
analogous role to that of domain IV of the 
DCs (19) 

Although Plu-MACPF appears to be non- 
lytic under the conditions tested, we cannot 
exclude the possibility that it requires a 
cofactor or specific receptor for function. 
‘On the other hand, certain MACPF proteins 
(eg., C6, C7, C8B, and Astrotactin) do not 
lyse cells and instead perform other roles. 
We speculate that certain utilities of the 
MACPF fold, such as conformational flexi- 
bility and membrane insertion, may have 
been exploited for nonlytic purposes. Indeed, 
parallels can be drawn with the cukaryote B 
cell lymphoma 2 family of proteins that 
share a similar fold to bacterial colicin-like 
toxins but insert into membranes rather than 
lyse cells (37). 

This work implies that lytic members of 
the MACPF superfamily use a CDC-like 
mechanism for membrane penetration and 
pore formation. Our findings suggest that the 
fold of the CDCs, a family of proteins that 
causes tissue destruction in human diseases, is 
tused by vertebrates for defense against bacte- 
ial and viral infection. 
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Structure of C8a-MACPF Reveals 


Mechanism of Membrane Attack in 
Complement Immune Defense 


‘Michael A. Hadders, Dennis X. Beringer, Piet Gros* 


1552 


‘Membrane attack is important for mammalian immune defense against invading microorganisms and 
infected host cells. Proteins of the complement membrane attack complex (WAC) and the protein 
perforin share a common MACPF domain that is responsible for membrane insertion and pore 
{ormation. We determined the crystal structure of the MACPF domain of complement component CBr 
at 2.5 angstrom resolution and show that it’ structurally homologous to the bacterial, pore-forming, 
cholesterol-dependent cytolysins. The structure displays two regions that Gin the bacterial ctolysins) 
refold into transmembrane (hairpins, forming the ning of a barrel pore. Local hydrophobicity 
‘explains why CBc is the first complement protein to insert into the membrane. The size of the MACPF 
domain is consistent with known C9 pore sizes. These data imply that these mammalian and bacterial 
‘cytolytic proteins share a common mechanism of membrane insertion, 


rotection in blood against Gram-negative 
bacteria critically depends on the cytolytic 
activity of the terminal pathway of the 
‘complement system (/, 2). Deficiency in compo- 
‘nents of the terminal pathway results in recurrent 
‘bacterial infections in humans (in particular, me- 
ingococeal infections (3)]. The terminal path- 
‘way is initiated when complement protein CS is 
proteolytically activated into two fragments, CSa 
and C5b, in the complement cascade (4). C5b 
then sequentially binds C6, C7, C8, and multiple 
copies of C9, forming a CSb-9 complex called 
the MAC, The complement proteins C6 to C9 are 
homologous and have a central MACPF domain 
‘of molecular mass ~40 kD, flanked by small 
‘regulatory domains at the Nand C termini (fig. 
SI) (5). C8 is a trimer made up of homologous 
proteins C8a and C8B, each of which contain a 
MACPF domain, and a lipocalin protein C8y that 
is covalently linked to C8a through a disulfide 
bridge (6), During assembly of the MAC, C7 
‘mediates the inital binding to the membrane sur- 
face, However, the C8a component of C8 is the 
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Fig. 1. Structure of human CBa- 
MACPF. Co representation of CBa- 
MACPF (A) and intermeditysin (PDB 
accession code 1534) (B) in two views. 
The top and bottom halves of the 
molecule are denoted di (blue) 
and 3 (brown), respectively. The cen- 
tral kinked B sheet (part of both d1 
and d3) is shown in green. The ad- 
ditional domains d2 and d4 in inter- 
medilysin are shown in gray. Figures 
are produced with PyMOL (30). 
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first protein that traverses the lipid bilayer (7, 8). 
C5b-8 complexes, obtained in the absence of 
9, have hemolytic activity, indicating that C8 
penetration leads to a loss of membrane integrity 
(, Atier C5b-8 assembly, multiple C9 mole- 
‘cules bind and oligomerize into pores, consist- 
ing of 12 10 18 C9 monomers, that an: 100+ 10.A 
wide and 160 A high (/0-12). Host cells are 
Protected from this membrane attack by CDS9, 
which binds to C8a and C9 during MAC 
assembly, preventing pore formation (/3). Cyto- 
toxic T lymphocytes and natural killer cells se- 
crete granules containing perforin, which (like the 
complement proteins C6 to C9) has a central 
MACPF domain, Perforin multimerizes, forming 
similar pores composed of ~20 monamess (/4-16) 
Prforin, however, does not use accessory proteins 
for membrane binding (/6). The mechanism of 
‘membeine insertion and pore formation by these 
proteins of the immune system is unclear. 

We expressed and crystallized the human 
(C8a-MACPF domain (residues 103 t0 462), The 
(C8a-MACPF domain retains its ability to form 
heterotrimeric C8 (with Full-length C8 and C8y) 
that is functionally active in membrane attack and 
pore formation (/7). The structure was deter- 
mined to 2.5 A resolution by experimental phas- 
ing (see the Materials and Methods, table SI, and 
fig. S2 in the supporting online material). The 


‘overall stricture consists of a central kinked four- 
stranded 8 sheet surrounded by a helices and 
strands, forming two structural segments (Whi 
wwe call dI and d3 for reasons discussed below) 
(Fig. 1A). Overall, the molecule has a thin L- 
‘shaped appearance with dimensions 67 A by 
SSAby24A. 

The observed fold of C8a-MACPF with its 
central kinked B sheet resembles the fold of 
domains dl and 43 of intermedilysin and 
perfringolysin, which are cholesterol dependent 
‘ytolysins (CDCs) secreted by the Gram-positive 
bacteria (/8, 19) (Fig. 1B and fig, $3). CDCs 
undergo substantial refolding of part of their 
structure in transforming from monomeric solu- 
bble proteins to multimeric membrane pores 
[reviewed in (20), CDCs are built up of four 
domains: dl to d4, Domain d4 is responsible for 
membrane binding (2/, 22), whereas d2 forms a 
linker to dl and d3, which mediate pore 
formation (23), Domains di and d3 comespond 
to the two halves of the kinked § sheet in the 
structure of C8a-MACPF, which is consistent 
with the membrane-insertion function of C8 
MACPF. The absence of the d2 ancl d4 domains 
in C8a-MACPF correlates, however, with 
marked topological differences in dl (fig. $3, C 
‘and D). The modules flanking the CRa-MACPF 
«domain (that is, the N-terminal thrombospondin 
type 1 (TSP!) and low-density lipoprotein 
receptor class a domains and the C-terminal 
‘epidermal growth factor-likeand TSPI domains} 
are linked on opposite sides to dl (Fig. 1A), The 
‘covalent binding site for C8y (Cys!) is located 
in a disordered surface loop on the Naerminal 
side of dI. In contrast, the topologies of d3 in 
C8a and CDCs are very similar and are 
characterized by an antiparallel § sheet (strands 
£1 wo B4) with extended, connecting regions 1-82 
‘and 63-84, 

Residues from domain d3 in CDCs form the 
wall of the fi barrel pores. In CDCs, the ant 
parallel B sheet (strands (1 40 BA) in d3 has two 
helical connections (between strands (51-82 and 
13-84). By means of multiple spectroscopic 
methods, these two helical regions have been 
shown (0 refold into amphipathic B hairpins 
[denoted transmembrane hairpin 1 (TMH) 
‘and TMH2), which insert into the membrane, 
forming a 8 barrel pore (24, 25). C8a-MACPF 
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exhibits similar, but longer, regions in between 
strands 1-82 and 63-(4. The first region spans 
58 residues (residues 201 to 258) and forms two 
«helices interspersed with a B hairpin (Fig. 2A). 
The second region consists of 62 residues 
(residues 326 to 387), This region has two 
discemible a helices in the electron density but 


(Coup 201-288) 
(Cu (326-307) 


Ihyerwnt 2t2.947) 
Iyer (10-344) 

PROTwAY (185-220) 
PFOTWHa (288-317) 


copr-pe isang) 
copay (oeaaza) 


Pert po (114-167), 
Pert o- (200.206) 


is largely disordered. Like in CDCs, these regions 
show high sequence variation across species (fg. 
4) In C8a, we observe a partitioning into thee 
segments for these regions: (i) charged and 
amphipathic, (i) hydrophobic, and (ii) charged 
and amphipathic (Fig. 2B and fig. S4). In the 
structure, the hydrophobic middle part (26 


Intermedilysin 


82 py 
p9 
Ba 


Fig. 2. Comparison of putative transmembrane regions. (A) Cartoon diagrams of domains d3 of CBa- 
'MACPF (eft) and intermedilysin (right The putative {hairpin regions 61-82 and TMH1 are colored in 
dark brown, and (33-4 and TMH2 are colored in tight brown. (B) Sequence alignment of (i) the 82-82 
‘and 3-14 regions of C8a, C9, and perforin (Perf) and (i) TMH and TMH2 of perfringolysin (PFO) and 
intermedilysin (ILY). Residues (32) are colored according to character: hydrophobic (green), positively 
charged (blue), negatively charged (red), and hydrophilic (white). Yellow indicates cysteine residues. 
Secondary stucture elements, as observed for CBca-MACPF and intermedilysin, are indicated. Putative 
transmembrane regions are indicated by gray boxes. 


Fig. 3. Hypothetical 
‘model of the C9 pore. 
‘Shown isa pore model de- 
rived from a ring of 18 
‘monomers of CBcarMACPF. 
(Left) Gross section of the 
‘pote, with MACPF domains 
forming the torus. (Right) 
Two orientations of the 
torus in surface represen 
tation, with two individual 
‘monomers highlighted Gn 
blue) for convenience, 


www.sciencema 


SCIENCE VOL 317 


REPORTS [ 


residues long) of region (1-82 forms a f haigpin 
that aligns with the central sheet of di. The 
‘corresponding part in region 3-84 is 25 residues 
long and is dlimited by the disulfide bond 
Cys“*-Cys™. This hydrophobic part has three 
charged residues positioned halfway between the 
‘eysteine residues. The hydrophobic character of 
the central B1-82 and (3-B4 parts is consistent 
\with membrane insertion without pore formation, 
as expected for the function of C8, Presumably, 
the central 83-4 part would traverse the 
membrane completely and position the three 
charged residues on the inside of the target mem- 
brane. In contrast, the central parts of the 1-82 
and 83-84 regions in C9 and perforin (Fig. 2B. 
and fig. $4) have an altemating hydrophobic and 
hydrophilic character (like the TMHs of CDCs).. 
This amphipathic character is consistent with 
forming a 8 barrel pore with a hydrophilic ins 
and a hydrophobic outside that tices the lipid 
‘membrane, The flanking regions in C8a, C9, and 
perforin contain short stretches of consecutive 
charged residues indicative of a solvent-exposed 
character. We hypothesize that the central seg- 
ments traverse the membrane (forming TMHs) 
‘and that the flanking parts protrude above the 
membrane. 

Electron micrographs of the MAC and poly 
(C9) reveal a pore (~100 A innerdiameter,~160 A 
height, and ~200 A outer-diametertonus) and a 
small rim at the base of the pore (/2), Our struc- 
ture shows that a soluble, monomeric MACPF 
domain has a thin “L” shape. In analogy with 
CDCs, the 1-82 and 3-4 regions in d3 are 
‘expected f0 change into long hairpins. upon 
membrane insertion, contributing four strands 
‘per monomer. Extending 60 residues into one 
‘straight  haiqpin yields a maximum length of 
~100 A; this structure would extend from the 
‘existing fourstranded sheet in d3. Together 
with the MACPF domain, this yields a total 
length of ~160 A, which is consistent with the 
height measured for MAC and C9 pores by elec 
tron microscopy (EM). Similarly, modeling of 
the x-ray structure of pertringolysin into a eryo- 
EM map of a pneumolysin pore also indicated 
‘extended fj haipins oriented parallel to the mem- 
brane normal (26). However, the strands are 
most likely twisted and tiled (as observed in 
many B barrel structures of outer-membrane pro- 
teins): possibly, the missing N-terminal domains 
contribute to the height of the C9 pore. Further 
more, the putative TMH1 in C9 has a 17-residue 
‘extension, which is consistent with the presence 
‘of a small rim at the bottom side of the pore. 
Based on the MACPF domiain of C8a, we con- 
structed a hypothetical model of the C9 pore 
tonus. Sixteen and 18 copies ofthe molecule were 
placed in rings, with the Bl to 4 strands of d3 
placed on the inside (Fig. 3). This simplistic 
‘modeling resulted in rings with an inner diameter 
0F 97 and 110 A and an outer diameter of 170 and 
185 A, respectively. The inner diameters ofthese 
models are close to the observed 100 A: the 
smaller outer diameter (170 to 185 A versus 200 A) 
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is possibly caused by the missing C-terminal 
domains that are connected to the outer rim of 
the torus. Thus, based on a MACPF domain, 
the main characteristics of the C9 pore can be 
modeled, 

‘Membrane recognition and pore formation by 
the complement proteins depend on a sequential 
assembly of the MAC, The C8a-MACPF and 
(C8B-MACPF domains are sufficient for & func- 
tional C3b-8 complex, indicating that the 
flanking N- and C-terminal domains in C8 are 
‘not essential for complex formation (17, 27). The 
flanking domains, however, possibly cover the 
putative TMHS in soluble C8. Soluble forms of 
the cell-surface protein CD59 do not bind soluble 
C8 of C9 (/3). CDS9 binds residues 365 to 371 
‘of C9 and residues 32010 415 in C8a (28), which 
map to the TMH2 region. Presumably, docking 
of C8or C9 onto the MAC reorients the flanking 
domains exposing the TMHs, which are subse- 
{quently “caught in the act” by CDS9 present on 
hhost cells, and hence the membrane insertion is 
bblocked. In CDCs, membrane insertion only 
takes place after oligomerization (that is, a large 
oligomeric prepore is formed on top of the 
‘membrane before the membrane is perforated 
(26)]-C8a inserts without oligomerization, which 
is consistent with the hydrophobic character of 
the putative TMHs. Partial and incomplete 
pores are observed, when limiting numbers of 
C9 are available for binding to CSb-8 (//). 
‘These data indicate that MAC pore formation i 
‘gridual and does not require oligomeric pre 
pores. In this process, C8 plays an important 
role by binding to the membrane-bound CSb-7 
complex, penetrating and destabilizing the 
membrane, thus readily enabling pore forma- 
tion by C: 

Perforin, pethaps, acts mo 
‘brane binding by perforin is C 
is mediated by its C-terminal C2 domain (29). 
‘The C2 fold is closely related to the fold of the C- 
terminal d4 domain in CDCs (fg. $5). Notably, 
the “undecapeptide” membrane-binding site in 
d4 overlaps with the Ca** <dependent binding site 
in C2, indicating a common orientation when 
‘bound to a membrane. Like in CDCs and C9, the 
putative TMHs of perforin sre amphipathic in 
chancter. The amphipathic regions presum- 
ably do not penetrate the membrane easily. We 
‘argue that unassisted pore formation [as for 
CDCs, perforin, and in vitro poty(C9)] hence re- 
quires formation of a large oligomeric prepore 
‘on the membrane to facilitate perforation of the 
membrane, 

‘The MACPF domain of complement proteins 
C6 to C9 and perforin is similar to domains dt 
and d® of bacterial CDCs. This finding indicates 
4 possible common evolutionary origin and a 
‘common mechanism of membrane insertion. The 
structural insights could be valuable in the design 
of therapeutics preventing inappropriate activa- 
tion of the terminal pathway of complement, asin 
the ease of paroxysmal noctumal hemoglobinuria 
and hyperacute rejection of transplanted organs. 
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‘Antibodies play a central role in immunity by forming an interface with the innate immune 
system and, typically, mediate proinflammatory activity. We describe a navel posttranslational 
‘modification that leads to anti-inflammatory activity of antibodies of immunoglobulin G, isotype 4 
(gG4). 1gG4 antibodies are dynamic molecules that exchange Fab arms by swapping a heavy chain 
and attached light chain (half-molecule) with a heavy-light chain pair from another molecule, 
‘hich results in bispecific antibodies. Mutagenesis studies revealed that the third constant 
domain is critical for this activity. The impact of IgG4 Fab arm exchange was confirmed in vivo 
in a rhesus monkey model with experimental autoimmune myasthenia gravis. 1gG4 Fab arm 
exchange is suggested to be an important biological mechanism that provides the basis for 

the anti-inflammatory activity attributed to IgG4 antibodies. 


the classic paradiggn, immunoglobulins rep 

resent products of clonal B cell populations, 

each producing antibodies recognizing a 
single antigen specificity (/, 2). Human immu- 
noglobulin G (IgG) antibodies exist in four 
subclasses with distinct structural and functional 
Properties. IgGs are composed of two heavy 
‘chain-light chain pairs (half-molecules), which 
are connected via inter-heavy chain disulfide 
bonds situated in the hinge region, as well as by 
rnoncovalent bonds mostly situated between the 


third constant (Cx3) domains (3), Swbility of 
the imter-heavy chain disulfide bonds varies be- 
tween subclasses, and for leG4 in particular, 
intr-heavy chain disulfide bonds may be formed 
instead (4). 

IgG4 antibodies differ functionally from 
other IgG subclasses in their anti-inflammatory 
‘activity, which includes « poor ability to induce 
‘complement and cell activation because of low 
affinity for Clq (the q fragment of the first com 
‘ponent of complement) and Fe receptors (5, 6). 
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Consequently, IgG4 has become the preferred 
subclass for immunotherapy, in which recruit- 
‘ment of host effector function is undesirable. 
“Another, more poorly understood property of 
blood-derived 1IgG4 is its inability to cross-link 
identical antigens, which is referred to as “func~ 
tional monovaleney” (7, 8). In contrast, cross 
linking of nonidentical antigens (bispecificty) 
thas been observed under certain conditions (9). 
Ithas been postulated that these observations 
might be explained by the exchange of half 
‘molecules between distinct IgG4 molecules 
(9-11), This hypothesis, however, has not been 
widely accepted, as this exchange previously 
could not be confirmed using recombinant 
IgGs antibodies (9). Here we show, using well- 
cchanicterized monoclonal antibodies, that Fab 
arm exchange represents a general character- 
istic of IgG. 

We explored this issue using blood-derived 
and recombinant IgG4 antibodies against the 
major birch pollen (Betv!) and cat (Feld1) 
allergens (/2). Serum from an allergic patient 
with high IgGs titers against both antigens con- 
tained bispecific antibodies that cross-linked 
Betvl and Feldl, whereas such reactivity was 
not detected in control sera (fig. $1). This pe- 
cculiar bispecific reactivity of blood-derived 
IgG4 could not be reproduced by simple mixing 
in vitro (fig. $2), as previously observed for other 
antigens (13), To investigate whether bispecificity 
is the result of in vivo molecular processing, we 
injected an equal mixture of recombinant IgG 
Betv! and IgG4-Feld! or comesponding IgGl 
controls into immunodeficient mice. Blood sam- 
ples were drawn, after which we measured Feldl/ 
Baty -bispecific IgG (Fig. 1A), Interestingly, 
bispecific antibodies appeared in the blood of 
mice injected with IgG, but not fgGi, mixtures. 
‘A stochastic Fab arm exchange between equal 
amounts of IgG4-Betvl and IgGH-Feld! would 
‘be consistent with approximately half ofthe kgGet 
‘molecules acquiring bispecificity (/4), To dem- 
‘onstrate the plasticity of this process, we injected 
an IgG mixture including a 20-fold excess of an 
additional 1gG4 with irrelevant specificity, which 
almost abrogated Feld! /Betvl-bispecitic reactiv- 
ity (Fig. 1A). This inhibition is explained by the 
‘generation of bispecific [eG not detected in our 
Feldl-Batv! cross-linking assay. If the observed 
bispecificity resulted from Fab arm exchange, 
then the increase in bispecific activity should be 
accompanied by an equivalent loss of mono- 
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specific cross-linking activity (15), which was 
indoad observed (fig. $3). 

TeG molecules are protected from catabolism 
by the neonatal Fe receptor (FeRn) by an inta- 
cellular reeyeting route (76). However, FeRn was 
not required for Fab arm exchange because no df= 
fences in the generation of bispecific IgG were 
‘observed betwem wildtype and FeRn-deficent 
mice (fig. $4). This suggests that Fab arm ex- 
‘change may occur in the extracellular mili. 

‘The molecular mechanisms for Fab arm ex- 
‘change were studied by defining in vitro condi- 
tions. We found that bispecific IgG4, but not 
IgG! molecules were generated on mixing with 
‘solated blood cells, but not with human serum. 
Bispecific lgG4 molecules were generated in the 
presence of human erythrocytes with similar 
kinetics as observed in vivo (Fig. 2A). A low- 
molecular-weight compound from erythrocyte 
lysates appeared essential for the exchange reac- 
tion (table S1). This observation, in combination 
with the requirement for breaking inter-heavy 
‘chain disulfide bonds, prompted us to test wheth- 
erbispecific IgG4 was generated in the presence 
‘of small reducing agents such as reduced 
glutathione (GSH). Notably, the addition of 
GSH or other reducing agents to a mixture of 
purified IgG4, but not IgGl, was sufficient to 
induce Fab arm exchange (Fig. 2B), The reaction 
inthe presence of GSH oceurted more efficiently 
at physiological than at low temperature (fig. $5). 

We extended our analyses to fully human 
‘monoclonal antibodies (HumAbs) with a matched 
set_of well-characterized recombinant human 
IgGl and IgG antibodies directed against CD20 
antigen and epidermal growth factor receptor 
(EGFR) [HumAbs 7D8 (/7) and 2F8 (18), 
respectively]. Bispecificity was evaluated with a 
sandwich enzyme-linked immunosorbent assay 
(ELISA) consisting of recombinant EGFR im 
‘mobilized on the solid phase and an anti-idiotype 
antibody against HumAb 7D8 as a detecting re- 
agent. The kinetics of bispecific antibody forma- 
tion against EGFRICD20, which accurred only 
for the IgG4 mixture and only in the presence 
of GSH, is shown in Fig. 2C. The molecular 
requirements for Fab arm exchange were studied 
by mutagenesis. Unexpectedly, our experiments 
suggest that the C3 domain and not the core 
hhinge is dominantly involved inthe reaction. Thus 
exchanging C,,3 domains between IgG1 and IgG4 
setivated Fab arm exchange for IgGI and 
abrogated activity for G4 (Fig. 2D). In contrast, 
replacing the IgG1 core hinge sequence withthe 
IgG sequence alone (by replacing Pro™* with Ser 
(P2285)] had no effect, and the IgG4 Cy3 se- 
‘quence was additionally required for full Fab arm 
exchange activity by the IgGI mutant (Fig. 2D). 

To conclusively demonstrate that Fab arm 
exchange is indeed the result of an intermolec- 
uubr exchange reaction, we analyzed the molecules 
generated using size-exclusion chromatography 
and mass spectrometry (MS). First, we per- 
formed size-exclusion analyses of plasma from 
two of the mice injected with an IgG4 antibody 
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‘mixture. Bispecific antibodies eluted at the ex- 
pected position for monomeric IgG, which ruled 
‘out the possibility that the observed reactivity 
\was due to ageregation (fig. $6). Second, we in- 
cubated a mixture of lgG4-EGFr and IgG1-CD20 
in the absence or presence of GSH, followed 
bby mass spectrometry [electrospray ionization 
time-of Righ mass spectrometry (ESI-TOF MS)]. 
Figure 2E shows that the molecular masses 
of IgG4-CD20 (143.5 kD) and IgG4-EGFR 
(145.9 kD) remained unchanged in the absence 
of GSH. In the presence of GSH (Fig. 2F), 
‘however, a new peak with an intermediate mass 
appeared (145.7 KD), The novel mass comre- 
sponded t0 the expected mass of the bispecific 
antibody against EGFR/CD20 detected in Fig. 
2C. Moreover, from the peak heights of the MS 
spectra it was estimated that the bispecific anti- 
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Fig. 1. Bispecfic human 1gG4 molecules are gen- 
‘erated in vivo, (A) Groups (n = 5) of nude mice 
were injected with antibody mixtures: igG1-Betvi/ 
IgG1-Feld1 (squares, loG4-BetvAgG4-Feld1 (cir- 
cles), oF IgG4-BetvVigG4-Feld1 + inelevant recom 
binant 1964 0oG4-€GFR; triangles (test antibodies, 
1100 jig each per mouse; irrelevant 1gG4, 2000 j1g 
per mouse). The generation of bispecfc antibodies 
was followed by assessing Betvi and Fell bi 
specific reactivity, which was expressed as a 
percentage relative to the total IgG-Betvd concen- 
‘ration. The top arrow indicates the expected level 
of bispecific reactivity (50%) in mice receiving an 
‘equal amount of 1gG4-Betv1 and igG4-Feld2 (14); 
the bottom arrow with asterisk indicates the 
‘expected level of bispecific reactivity (4%) in the 
Presence of excess inelevant I9G4. Error bars 
represent SEM. (B) IoG4 Fab atm exchange ocaurs 
by the exchange of a heavy chain-tight chain pair 
{half-molecule) of one lgG4 molecule with that 
‘of another IgG4 molecule. The 1gG4 molecule 
‘may thereby acquire two distinct Fab arms and 
become bispecific. The Fc structure remains es- 
sentially unchanged apart from potential changes 
due to differences in glycosylation or allotype. 
Fab arm exchange is proposed to be stochastic 
and dynamic. 
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Fig. 2. Induction of IgG4 Fab arm 
‘exchange in vitro. (A) Incubation of 
IgG4-Betvi/igG4-Feld1 mixtures (cit 
cles) with human erythrocytes (closed 
symbol) at 37°C resulted in genera- 
tion of bispecific antibodies; no bispec- 
ificty was generated in lgG1 mixtures 
(squares. As controls, an excess of 
imelevant 1gG4 was added (triangles) 
‘or antibody mixtures were incubated 
without erythrocytes (open symbols). 
Error bars represent range of duplicate 
measurements. (B) IgG4BeW/igG4- 
Feld mictures (black bars) were in- 
cubated for 24 hours at 37°C in the 
presence of different reducing agents, 
and the generation of bispectic IgG 
was determined. IgG1 antibody mis 
‘tures were used as controls (gray bars). 
Error bars represent SEM calculated 
from three measurements. (C) IgG4- 
COZOgG4-EGFr mistures (squares) were 
incubated at 37°C with (closed sym- 


[Bispectic bGVigG-Be 


[Bspectc loSMig6-Bet] (4) © 


bols) or without (open symbols) 0.5 mM GSH. The formation of bispecific 
antibodies was measured in ELISA. ODaso, optical density (absorbance) at 
‘450 nm. Moxtures of IgG2 antibodies were used as controls (circles). Data are 
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constant domain is replaced with the 1g61 or 1gG4 domain, respectively. Fab 
arm exchange between corresponding mutants is shown, (E) IgG4-EGFR/ 
1gG4-CD20 mixtures were incubated for 24 hours in the absence (E) of 


representative of three experiments. (D) IgG1 and 1gG4 mutants were presence (F) of 0.5 mM GSH, after which the antibodies were deglycosyiated 
prepared for the Betv1 and Feld1 antibodies. P2285 represents a point with peptide N-glycosidase F, and the molecular masses of the resulting 


‘mutation that introduces the 1gG4 core hinge sequence into IgG2. Cy(y2) 


and C,3(y4) represent domain swap mutations in 
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Fig. 3. Fab arm exchange protects against ACHR 
degradation, (A) Recombinant IgG1-637 (trian- 
gles) and IgG4-637 (squares) reduced surface 
‘AchR expression on TE671 cells, Polyclonal human 
immunoglobulin (circles) was used as a control 
Error bats indicate the SD of two independent 
‘experiments. No correction for background was 
applied. (B) TE673 cells were incubated with serum 
from monkeys treated with 1gG1-637 (tiangled, 
1gG4-637 (squares) or the combination thereof 
(diamonds), and the ACHR surface expression was 
determined, The x axis indicates the time at which 
serum samples were drawn. (C) Day 3 and day 5 
‘sera were tested for their capacity to neutralize ACHR 
‘degradation induced by 1 nM igG1-637. 


10 


body represented 50% of the total antibody mass 
in the mixture, which indicated a stochastic ex- 
change (Fig. 1B). 

We investigated how Fab arm exchange 
contributes to the antiinflammatory properties 
of IgG+ in an animal model in which antibody- 
‘mediated cross-linking plays an important role 
in disease palhogenesis. Experimental autcim- 
‘mune myasthenia gravis (MG), in which autoanti- 
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bodies against acetylcholine receptor (ACHR) 
induce muscle weakness, represents such a 
model (/9). The human AChR-specific antibody 
IgG1-637 is a patient-derived antibody (20) that 
induces ACHR degradation as can be monitored 
in vitro using rhabdomyosarcoma TE671 cells. 
Both IgG1-637 and IgG4-637 antibodies reduced 
‘TEG7I cell surface ACHR levels to the same ex- 
tent (Fig. 3A), which indicated that these anti- 


antibodies were determined by ESI-TOF mass spectrometry. Deconvaluted 
ESI-TOF spectra are shown. Data are representative of two experiments, 


Table 1. 1964-637 protects monkeys from IgG1- 
637~induced myasthenia gravis, Total cumulative 
dose is the sum of antibodies injected as three 
doses on three consecutive days, Clinical symp- 
toms started between day 1. and 5 post injection 
‘and lasted up to 7 days, At the peak of the 
disease, animals were hypoactive; could not climb 
because of weakness of the limbs, hands, and 


feet; and had difcuity eating. 
Total cumulative Animals Clinical 

Aavbody “dose (maria) __(n) _ symptoms 
igGe37——S 1 Novo) 
161-637 3 1 No (ot) 
igG1-637 15 1 Yean 
1gG1-637 5 4 Yea) 
igot-637 5, 2 No (22) 
1961-637 5 

Ck 5 Nos) 


bodies reacted similarly in vitro, IgG1-637 is a 
pathogenic antibody, and it induced MG disease 
dose-dependently in rhesus monkeys (Table 1). 
‘The IgG4-637 antbody, in contrast, was not path- 
‘ogmic (Table 1). To assess whether IgG4-637 
‘ight protect against [gG1-637-induced disease, 
we injected IgG4-637, followed by challenge 
with a pathogenic dose of the IgG1 antibody. All 
‘animals were protected (n = 5), which repre- 
sents a significant difference compared with 
treatment with [gG1-637 alone (P < 0.01; two- 
tailed Fisher's exact test) (Table 1), Notably, 
protection against MG disease correlated with 
an in vivo decrease of ACHR cross-linking ac- 
tivity of the injected IgG4 antibody. Thus, serum 
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fiom an [gG1-637-treated monkey induced strong 
ACHR degradation, in contrast to serum from a 
‘monkey injeced with the IgG4 antibody (Fig. 38). 
The latter serum, moreover, prevented ACHR 
degradation by 1gG1-637 in an in vitro mixing 
experiment (Fig. 3C), Finally, serum from an 
‘animal treated with both antibodies induced only 
‘moderate degradation. The 1gG4-637 antibody, 
‘hich induced ACHR degradation before injec- 
tion (Fig. 3A), apparently acquired non-cross- 
linking and protective activity in vivo, 

‘Antibody function is regulated by postrans- 
lational modifications. Fucosylation in the Fe do- 
‘main, for example, affects immune cell activation 
by modulating affinity for Fe receptors (21). 
Sialylation has been shown to endow IgG with 
antiinflammatory activity (22), but that cannot 
explain our findings, as none of the antibodies 
used contained sialic acid. Dynamic Fab am 
exchange therefore represents a novel type of 
postranslational modification, which serves as 
an additional mechanism for generating anti 
inflammatory activity, The mechanism by which 
IgG Fab arm exchange occurs in vivo likely 
requires the reducing environment in blood oat 
cell surfices to facilitate the breaking of inter 
hheavy chain disulfide bonds located in the hinge 
region. Indeed, the addition of reducing. com- 
pounds, such as GSH, to purified IgG4 alone 
‘Was sufficient to induce in itty Fab arm ex- 
change. GSH, present in all cell types, may well 
perform this role in vivo, and so additional co- 
factors, chaperones, oF receptors, as hypothe- 
sized for PDI and FeRn previously (10), may 
therefore not be essential. An important second 
antibody heavy chain interface is located be- 
toween the C3 domains, which we show to be 
critically involved in Fab arm exchange. Elucdat- 
ing the contribution of specific C),3domain ami- 
1 acid contacts to the mechanism ofthis action 
requires futher investigation. 

‘We show that IgG4 molecules acquire two 
distinct Fab arms by Fab arm exchange, which, 
‘when derived from polyclonal plasma IgG, 
are (usualy) directed against unrelated antigens 
Fab arm exchange, furthermore, is dynamic, and 
combinations of certain specific Fab arms are 
therefore only expected to exist transiently. IgG 
molecules thereby lose their ability to cross-link 
antigen and to form immune complexes under 
‘most conditions. IgG, often induced by chronic 
antigen stimulation, then may interfere with 
immune complex formation by other antibody 
isotypes and may dampen inflammatory reac- 
tions. n specific immunotherapy with allergen in 
allergic rhinitis, for example, increases in aller 
gen-specific IgG4 levels indeed comelate with 
clinical responses (7,23). A first proof of concept 
using monoclonal antibodies indicates that the 
formation of non-cross-inking IgG antibodies 
in vivo provided protection against a pathogenic 
antibody in experimental autoimmune MG. 

Our results have an impact on immuno- 
therapy with IgG monoclonal antibodies. The 
in vivo instability and dynamics of IgG 
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introduce unpredictability, which is undesirable 
for human immunotherapy. Future studies 
should address the contribution of IgG4 Fab 
‘arm exchange to in vivo activity of therapeutic 
IgG4 monoclonal antibodies. 

In summary, antibodies of the IgG4 isotype 
are shown to be dynamic molecules, undergoing 
Fab arm exchange in vivo and in vitro, The 
ability to engage in Fab am exchange appears 
to be an inherent feature of IgG4 that involves 
the third constant domain in addition to the hinge 
region and that only requires a reducing envi- 
ronment to be activated. This novel protein mod- 
ification challenges the commonly accepted one 
antibody-one antigen paradigm and redefines our 
thinking about the wle of IgG4 in antibody- 
‘mediated immunity and the application of IgG4 
‘monoclonal antibodies to immunotherapy. 
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Functional Architecture and Evolution 
of Transcriptional Elements That 
Drive Gene Coexpression 


Christopher D. Brown,* David S. Johnson,* Arend Sidow’?* 


Transcriptional coexpression of interacting gene products is required for complex molecular 
processes; however, the function and evolution of cis-regulatory elements that orchestrate 
coexpression remain largely unexplored. We mutagenized 19 regulatory elements that drive 
coexpression of Giona muscle genes and obtained quantitative estimates of the cis-regulatory 
activity of the 77 motifs that comprise these elements. We found that individual motif activity 
ranges broadly within and among elements, and among different instantiations of the same motif 
type. The activity of orthologous motifs is strongly constrained, although motif arrangement, type, 
and activity vary greatly among the elements of different co-regulated genes. Thus, 

the syntactical rules governing this regulatory function are flexible but become highly 
constrained evolutionarily once they are established in a particular element. 


‘ene products that are involved in the 
‘molecular process must be coordi- 

nately expressed, Transcriptional coex- 
pression is achieved by regulatory proteins and 
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their target cis-regulatory elements that promote 
‘gene transcription in overlapping spatiotemporal 
distributions (/-7), The function of a cis-clement 
is encoded in its molecular architecture: a nucle- 
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tide sequence with instantiations (motifs)ofthe 
binding sites (motif types) for one or more 
transcription factors arranged with functionally 
significant motif combinations, orientations, or 
spacing, We address the molecular architecture 
of cis-elements driving gene coexpression and 
hhow the sequence and function of such elements 
evolves. 

Because motif ae the functional units within 
a cis-clement, analysis of a cis-element’s molec- 
‘ular architecture and evolution requires. an 
‘experimental system that allows quantification 
of each motit’s activity, in a sufficiently large 
number of coexpressed genes whose functions 
hhave been maintained throughout evolution, The 
‘urochordate Ciona harbors such a system in the 
form of 19 genes that are coexpressed in the 36 
iuscle cells of the developing embryo (6). OF 
these 19 genes, 17 function in the same macro 
‘molecular complex, underscoring the require- 
ment for tight coexpression. The genes include 
six single-copy loci from C. savignyi and their six 
onthologs in the sister species, C. intestinalis: a= 
{tropomyosin 1 (ATI), a-tropomyosin 2 (AT2), 
‘myosin binding protein (MBP), troponin 1 (17), 
‘troponin T (TT), and creatine kinase (CK). The 
remaining seven genes comprise two oF three 
pparalogs each of the multicopy gene families 
muscle actin (MA), myosin light chain (MLC), 
and myosin regulatory light chain (MRLC) from 
C. savignyi (lig. SI). The three motifs that 
‘mediate muscle-specific transcription in Ciona 
in genera, and of these loci in particular, sre the 
cyclic adenosine 5”monophosphate response 
clement (CRE) (6, 8), the MyoD motif (9-17), 
and the Tbx6 motif (/2) (fig. S2). 

‘We investigated the functional architecture of 
the 19 ciselements by a comprehensive muta 
‘genesis effort coupled with a whole-embryo ex- 
pression assay (/3-/5), Each reporter construct 
harboring specifically mutagenized sequences 
‘was transfected into hundreds of developing em- 
bryos. Activity of a mutagenized element was 
‘measured as the percentage of muscle cells ex- 
‘pressing the reporter, which we show to correlate 
‘with average transcript levels (fig. S4 and sup- 
porting online material (SOM) text, section 3) 
‘A first few hundred constructs, assayed in over 
2000 transfections, defined the cis-clements re- 
sponsible for the majority of function of each 
locus (Fig. 1 and table S1). We then dissected 
each cis-clement using 220 constructs with 
‘small deletions [5 to 10 base pairs (bp)] or site- 
directed mutants that removed putative motifs in 
isolation or different combinations. Our quanti- 
{ative results are based on 1237 transfections 
(live biological replicates per construct), which 
yielded a total of 85,506 transgenic embryos 
(table $2), 
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‘A quantitative and biologically meaningful 
representation of the functional architecture of 
cach cis-clement required an analysis framework 
to estimate the activity ofeach motif. To choose a 
framework, we needed to assess the relative im- 
Portance of genetic interactions between motif 
Using the subset ofthe data that was appropriate 
{for interaction analyses, we determined that most 
‘of the cis-clements examined functioned with 
litle epistasis (SOM text, section 4, and fig. SS). 
Further evidence for motif independence was 
‘obtained by motif substitution experiments (SOM 
text, section 5, and fig. $6). This indicated that 
wwe could use multivariate regression (16) as the 


data well and are robust to several analytical 
scenarios (SOM text, section 6, fig. S7, and tables 
Sl andS3). Afler considering the advantages and 
drawbacks of these scenarios, we chose to con- 
tinue our analyses with additive regression mod- 
els (SOM text, section 6). These models explain 
30 to 89% (mean 67%) of the variance of ex- 
pression at each element (able S1}), again under- 
scoring that genetic independence explains most 
of the data well. Consistent with additivity, we 
express motif function in “expression frequency 


‘units”(efu), meaning thata motif with an inferred 
activity of x ef increases by x the percentage of 
muscle cells in which expression is detected 
(SOM text, section 3). The mean per-clement 
fraction of activity attrbuted to the motifs is 83%. 
‘The 77 motifs affect element activity by -0.14 to 
0.45 efu (Fig. 2A), with 39 motifs having 
significantly nonzero activating function (partial 
regression coefficient r statistic, P < 0.05). 
Having obtained quantitative estimates. of 
motif activity, we examined each element's func~ 
‘tional architecture. Apart from the obvious clus- 
lering of functional motifs, we were unable to 
discem any features (such as spacing, onder, and 
‘relative orientation of motifs) that might explain 
the functions of individual motifs or of the cle- 
‘ments as a whole, which would have shed light 
‘on organizational principles of regulatory 
‘elements. Indeed, there is notable heterogencity 
‘among the loci: Elements are built from motifs oF 
widely varying activity, from different combina 
tions of motif types, and in diverse arrangements 
(Fig, 2B), For example, the cis-element at CK 
spans 31 bp and consists of one intermediate and 
‘one strong Tbx6 motif, whereas the ATI cis- 
element consists of two weak CRE motifs, 
followed by two intermediate Tbx6 motif and 
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Fig. 1. Experimental design. For each of 19 loci, initial deletion series (truncated tines) locate 
regions of concentrated function (gray bar). Fine-scale deletions and site-directed mutations (open 
ircles) target putative motifs Golid circles). Set of constructs is represented as matrix X of 
categorical explanatory variables (ones and zeroes) whose replicated transfections yield expression 
measurements (matrix Y of y,,). Functional contributions of individual motifs (B, to Bs) are 
estimated with regression models. YFG, your favorite gene. 
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a strong MyoD motif, across 35 bp. Although 
‘motif independence is prevalent, elements do 
‘somewhat differ in how much genetic interaction 
exists, At MBP and AT2, for example, the 
additive model explains the data very well with 
igh correlations between the predictions and the 
actual data (Po.mae = 0.83, Poear = 0.77; 
tables SI and $3) and with litle function 
‘unexplained by the model. Function at MAI, 
bby contrast, is not described as well by models 
‘without interactions (able $3). 

Conceivably, the heterogeneous regulatory 
architectures specify subtle differences in ex- 
‘pression pattem or timing during developmental 
stages or physiological conditions not assayed 
hhore. It is clear, however, that the genes’ tight 
coexpression in the embryonic tail muscle is 
achieved by a common and restricted set of three 
{ranseription factors acting upon vastly different 
cis-element architectures, the diversity of which 
defies the expectation that commonalities in 
design underlie co-regulation, 


In stark contrast to the apparent flexibility of 
regulatory architecture, we observed little change 
jin motif activity, order, or composition between 
‘orthologous elements of C. intestinalis and C. 
ssavignyi. (Neutral sequence divergence between 
the two Ciona species is approximately equiv- 
alent to that between mammals and birds, ruling 
‘out the possibility that these sequences have 
not been afforded enough time to accumulate 
change.) At single-copy genes, 26 of the 27 
motifs with statistically significant activity have 
a clearly orthologous counterpart. Onthologous 
motifs drive very similar, in many cases indis- 
tinguishable, amounts of activity (Fig. 3). For 
example, both MBP orthologs are regulated by a 
strong MyoD, a weak Tbx6, and a weak CRE 
‘motif, with less than 0.039 efu average deviation 
{in individual motif activity. In total, the activity 
‘of ohologous regulatory motif pairs is highly 
‘correlated between the two species (Spearman's 
p=0.61, P< 0.005; Fig. 3B). Thus, co-egulated 
gene expression at these loci has been main- 
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Fig. 2. Molecular architecture of muscle co-regulation. 
Motifs are depicted as circles, and color indicates 
‘motif type: CRE (ed), MyoD (green), and Thxé (blue). 
(A) Gs-regulatory function of 7 individually re- 
solved motifs. Activity and standard error are plotted 
con the y axis; motifs are sorted along the x axis by 
increasing activity. (B) Distribution of cis regulatory 
function at the 19 loci of this study. Cs, C savignyi, 
GC intestinalis. Labels below axes indicate distance 
1 transcription start site. Area of circle is propor- 
tional to estimated motif activity. 
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tained by conserving the locus-specific ancestral 
cis-regulatory architectures, with purifying se- 
lection tolerating little functional flexibility, 

‘Strong constraint is evident at the sequence 
evel as well. Functional regulatory motifs ex- 
hibit far fewer substitutions than the genome- 
wide average (P < 38 * 10°") (SOM text, 
‘section 7, and fig. S8A), The pairwise identity 
between orthologous functional motifs is 79%, 
whereas the genome-wide background identity 
is <20% (including insertions and deletions). 
Sequence identity markedly drops off outside 
the boundaries of the functional motifs (Spear- 
man’s p = -0.57, P< 0.05), reaching genome- 
wide background levels within 12 bp (fig. S8B). 
Finally, there is less population genetic variation 
in the motifs than on average in the genome (/7) 
(SOM text, section 7, and fig. $10). This dem 
‘onstrates that the motif sequences are subject to 
far greater evolutionary constraint than flanking 
‘sequence and that the functional motifs them- 
‘selves are the units maintained by purifying 
selection, 

The sequence changes that have occurred are 
not distributed evenly among the orthologous 
motifs, with functionally strong motifs having 
accumulated fewer substitutions than weak 
motifs, Notably, motif’ activity is significantly 
‘correlated with percent identity (Spearman's p= 
035, P< 0.05). This is likely due 10 strong 
regulatory motifs being responsible for a langer 
fraction of the total function of a regulatory 
element; substitutions in them will therefore re- 
‘sult in greater phenotypic consequences and be 
subject to stronger levels of purifying selection, 
decreasing the evolutionary rate of the clement 

Further emphasizing that the activity of an 
‘clement is controlled tightly by evolutionary pres- 
‘sures is a case of compensatory evolution in AT2. 
Two Tbx6 motifs (Fig. 3, A and C) are 
functionally strong in one species and weak in 
the other, in a complementary pattem, These 
activity differences correlate with substitutions 
away from or toward the motif consensus (Fig. 
3C). The functional differentiation of these cis 
regulatory motifs did not result from motif gain or 
Joss but from base substitutions that modified 
motif activity, 

Comparison of the cis-regulatory architec- 
tures of the three groups of paralogs from C. 
savignyi presents a strong contrast to the highly 
‘constrained orthologous cis-clements. The paral- 
‘ogous architectures show a high degree of 
differentiation inthe form of element and motif- 
level sequence tumover as well as functional 
divergence of well-aligned motifs (Figs. 2B and 
3D). Thus, whereas purifying selection acting on 
orthologous motifs in single-copy genes is strong 
‘enough to maintain conservation of regulatory 
motif sequence and function over long evolu- 
tionary distances, the paralogous motifs of clus- 
‘ers of genes that encode the same protein exhibit 
far greater rates of tumover. We speculate that 
this greater flexibility in clements of clustered 
multicopy genes is tolerated because changes in 
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the activity of one element have a small effect on 
the total function of the cluster 

‘The two most prominent developmental 
‘mechanisms that build a multicellular organism 
are pattem formation and cellular differentiation. 
Previous studies of regulstory architecture and 
evolution were conducted in pattem formation 
systems, either by leveraging sequence compar- 
‘sons and broad functional genomic data (/8-20) 
oor by studying a single regulatory element in 
detail (21-24), By contrast, we dissected the 
‘regulation of coexpression during cellular differ- 
entiation and introduced a quantitative frame- 
Work for targeted experimental analysis of motif’ 
function, Using the Ciona muscle system, we 
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demonstrated that coexpression is driven by 
regulatory motifs of broadly varying activity 
assembled into a diverse array of cis-clements, 
Despite this flexibility in cis-regulatory archi- 
tecture, motiflevel sequence and function are 
exquisitely maintained in distantly related ortho- 
logs. Thus, whereas a diversity of cis-regulatory 
architectures can generate nearly identical phe- 
‘notypic outputs, the fitness landscapes separating 
them appear to be sufficiently rugged to constrain 
their evolution (25). 

Our findings have implications for under- 
standing genetic variation in such co-regulatory 
systems. Polymorphisms in cis-clements will 
range in phenotype, depending on the amount 
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Fig. 3. Evolution of motif activity. (A) Motif-evel distribution of regulatory activity at ix orthologous 
‘gene pairs. Distance from transcription start site and motif activity are platted along the x and y axes, 
‘espectvely. Open and solid circles represent individually resolved C. savignyi and C intestinalis motifs, 
‘espectively. Colors are same asin Fig. 2.(B) Conservation of orthologous motif activity. C. intestinalis and 
. savignyi motif activity plotted against each other. (C) Compensatory evolution of ATZ regulatory 
elements for C savignyi (top) and C intestinalis (bottom). Arrow direction and thickness represent Thx6 
‘motif orientation and strength of match to its position-specifc scaring matrix. Bar plots depict activity of 
‘each Tbx6 motif, as estimated from additive regression models. (D) Functional turnover in paralogous 
‘motifs. Plotted as in (8). Error bars in all panels depict standard error. 
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of activity that the affected motif contributes to 
the function of its element; the most direct evi- 
dence for this view is the wide range of effects on 
ciselement function by the individual motif 
‘mutants we tested. Similarly, 2 polymomphism in 
‘a trans-acting factor will not affect expression of 
all targets equally but will instead have a target- 
specific effect whose magnitude is determined by 
the architecture of the target's cis-element, These 
conclusions highlight the challenges that lie 
‘ahead. for interpretation of genetic variation in 
‘gene regulatory systems, including those of ver- 
Aebrates, Ciona’s most advanced close relatives. 
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Mutual Feedbacks Maintain Both 
Genetic and Species Diversity 
in a Plant Community 


Richard A. Lankau*t and Sharon Y. Strauss 


The forces that maintain genetic diversity among individuals and diversity among species are usually 
studied separately. Nevertheless, diversity at one of these levels may depend on the diversity at the 
‘other. We have combined observations of natural populations, quantitative genetics, and field 
‘experiments to show that genetic variation in the concentration of an allelopathic secondary compound 
in Brassica nigra is necessary for the coexistence of B. nigra and its competitor species. In addition, 
the diversity of competing species was required for the maintenance of genetic variation in the trait 
within B. nigra. Thus, conservation of species diversity may also necessitate maintenance of the 
processes that sustain the genetic diversity of each individual species. 


wealth of theoretical and empirical 

research has sought the mechanisms that 

enable multiple competing species to 
coexist in a given area (J-3). Similarly, much 
research in population and. quantitative genetics 
explores processes that promote the maintenance 
of alletic variation (ie, genetic diversity) at loci, 
especially for traits with potential selective 
impacts (4-6). Recent theoretical and empirical 
studies suggest that diversity at one level may 
depend on the diversity of the other (7-1/). 
Selection pressure on specific traits varies with 
community composition, suggesting a role for 
species diversity in maintaining genetic diversity 
(12), Additionally, genetic diversity in plant 
populations can determine the species diversity 
‘of associated arthropods and microbes (7-9). 
However, no studies have explicitly studied how 
species and genetic diversity may interact, ereat- 
ing feedback loops that simultaneously maintain 
diversity at each level. 

Plants in the family Brassicaceae all produce 
stlucosinolates (amino acid-derived secondary 
‘compounds that consist of a -thioglucose res- 
idue, an N-hydroxyiminosulfite moiety, and a 
variable side chain) that, in the presence of the 
‘myrosinase enzyme, break down into isothiocya- 
nnates and other products toxic t many herbi- 
vores, bacteria, mycomizal fimgi, and other 
plants (73-15). Thus, glucosinolates affect a host 
‘of organisms and are ecologically important com 
pounds in natural communities. We tested the 
‘hypothesis that changes in the mean level of a 
‘glucosinolateallelochemical could lead to changes 
inpplant community structure (potentially through 
allelopathic or antimycomhizal effects) that, in 
‘tum, would feed back to affect selection on the 
allelochemical, Brassica nigra was selected for 
study because B. nigra, unlike most other 
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members of the Brusicaceae, has the desirable 
property that 99 to 99% of its glucosinolates are 
in the form of a single compound: sinigrin (allyl- 
glucosinolate), which isa heritable trait (/6, 17). 
Because of sinigrin’s effects on heterospecitic 
plants and myconizal fungi (mutualists that 
benefit most plant species but not members of the 
Brassicaceae), we hypothesized that investment 
‘osinigrin should benefit B. nigra genotypes com 
peting with heterospacifics but not conspecifics. 
To determine whether there were possible 
feedbacks between natural variation in commu 
nity composition and variation in B. nigra 
sinigrin concentration, we sampled naturally 
occurring B. nigra individuals along a gradient 
ranging from a monospecific stand of pure B. 
nigra to areas dominated by a mix of other spe- 
cies (heterospecifics), with only a few widely 


Fig. 1. Fitness of naturally occurring 8. nigro 
individuals versus their sinigrin concentration 
(standardized) and the percentage of cover of 
B. nigra in a1 m* circle around the target plant 
(arcsine transformed). Black dots represent 
actual data points, and the mesh surface graphs 
the predicted values from a multiple regression, 
including the two terms and their interaction 
(8). Lines running left to right on the surface 
can be interpreted as predicted selection 
gradients at different levels of B. nigra cover. 
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spaced B. nigra individuals. We estimated the 
percentage of cover of four functional groups (B, 
nigra, heterospecific forbs, grasses, and bare 
‘ground) in a L-m-diameter circle around each se- 
lected individual. We also measured the sinigrin 
‘concentration in leaves and final fitness for each 
individual (18), 

‘We found that the selective value of sinigrin 
increased as the community became dominated 
by heterospecifics Fig. 1). However, for B. nigra 
individuals growing mostly with conspecifics, 
high sinigrin concentrations were correlated with 
lower fitness (Fig. 1), resulting in a significant 
interaction between the effects of sinigrin con- 
centration and percentage of cover of B. nigra on 
the fitness of individual plants (F143 6.065, P< 
(0.05, R? = 0.278, multiple linear regression). 
Additionally, the cover of heterospeeific forbs 
immediately surounding the sampled B. nigra 
individuals declined significantly with increasing 
sinigrin concentrations in the sampled B. nigra 
plants (Fig. 2). Thus, not only does the selective 
value of sinigrin concentration seem to depend 
‘on community composition, but the community 
‘composition may also depend on the sinigrin 
concentrations of individual plants 

Our observations suggest that eyclic dynam 
ics between selection pressures and community 
composition could lead to the simultancous 
maintenance of both genetic diversity in sinigrin 
‘genes and species diversity in the plant commu 
nity. To test this hypothesis rigorously, we 
performed a community invasibility experiment, 
Using plants from six naturally occurring pop- 
tlations and three generations of artificial selec 
tion, we created lines of high- and low-sinigrin B. 
nigra; the mean values of sinigrin in both lines 
were within the natural range found in these 
Populations (78). 

For community diversity, we collected seeds 
from three abundant, co-occurring, and phyloge- 
netically diverse competitor species (Amsinckia 
‘menziesii (Boraginaceae), Sonchus oleraceus 
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Fig. 2. Percentage of cover of heterospecifc 
forts in a 1 m* diameter circle surrounding the 
sampled B. nigra individuals versus the sinigrin 
concentration of those sampled individuals. The 
heterospecific forbs consisted of a mix of species 
including A. menzese, S. leraceus, M. parviflora, 
and Silybum marianum. 


14 SEPTEMBER 2007 


1561 


Bors 


1562 


(Asteraceae), and Malva parviflora (Malvacese)). 
2. nigra grows naturally both in dense monospe- 
cific stands and in diverse heterospecific stands 
‘with these three species in the field (Fig. 2). We 
‘made three replicated community types in the 
field: high-sinigrin B. nigra monocultures, low- 
sinigrin B. nigra monocultures, and a three 
species mixed heterospecific community. Each 
‘community consisted of 24 neighbor plants sur- 
rounding one target invader. Into each synthetic 
‘community, we introduced one focal plant (as an 
““invader”), Invader plants were either a high- or 
low-sinigrin B. nigra or a heterospecitic individ- 
‘ual from one of the three other species. Plants 
Were grown 25 cm apart, with 3-m alleys be- 
‘tween communities. For each community type, 
‘we grew 11 communities with a high-sinigrin in- 
Vader, 11 with a low-sinigrin invader, and 7 with 
each heterospecific species as the invader (18). 
‘Thus, sinjgrin concentrations and community 
‘composition (hetero- or conspecific) vary among 
‘our experimental communities, resulting in ge- 
netic and species diversity atthe field rather than 
the plot scale. Theory has shown that competitive 
coexistence of species of alleles occurs only 
‘when all species (or genotypes) can invade when 
rare (19), Thus, this design allows. us to test 
directly whether the genetic variation in sinigrin 
among our experimental communities will lead 
to the maintenance of species diversity (and vice 
versa) by testing whether all species and geno- 
types can invade at least one community type 
other than their own, 

Consistent with observational data in the 
field, we found that high-sinigrin B. nigra invad- 
cers had greater fitness than low-sinigrin B. nigra 
‘genotypes when invading diverse heterospeeific 
‘communities. In contrast, low-sinigrin genotypes 
\were better than high-sinigrin genotypes at invad- 
ing monospecific stands of B. nigra, regardless of | 
the sinigrin level of the B. nigra community 
[invader genotype (high versus low sinigrin) by 
‘community (Brassica versus heterospecific) in- 
teraction: log-likelihood ratio (LR) = 4.10, P-< 
0.05] (Fig. 3, generalized linear model). Thus, the 
fimess of a B nigra genotype depends on the 


‘community composition (diverse versus mono- 
‘culture that it invades. 

Heterospecific invaders were sensitive to the 
genotype of B. nigra and had significantly lower 
fitness in communities of high-sinigrin versus low- 
sinigrin BL nigra genotypes [community (high 
versus low), LR = 6.54, P= 0.01] Fig. 3). Despite 
low sample sizes, two of the three heteraspecific 
species (A. menciesii and S. oleraceus) showed 
significant reductions when analyzed alone (LR = 
4.05, P< 0.05 and LR = $41, P< 0.05 respec- 
tively), whereas the third (M. parviflora) showed 
‘nonsignificant trend in the same direction, 

Coexistence generally requires that species 
‘compete more strongly intra- versus interspecifi- 
cally (J-3), Therefore, we also. measured the 
fitness of these three competitor species when 
invading monospecific communities of theirown 
species, to provide an estimate of pure intra- 
specific competition for each species. Interest- 
ingly, there was no difference in heterospecific 
invader fitness when invading a monoculture of | 
their own species versus when invading an “aver- 
age” B. nigra monoculture (combining high- and 
fow-sinigrin communities) for any of the three 
hheterospecific species (LR < 0.65, P > 0.40 for 
all, This result suggests that genetic variation 
among B. nigra competitors was more important 
than differences between competitor species in 
determining fitness of heterospecific competitors, 
Thus, ifone ignores genetic variation in B. nigra, 
the requirement for coexistence does not seer 10 
bbe met (for all three species, intraspecific compe- 
tition is equal to or weaker than interspecific 
competition with “average” B. nigra). Only when 
‘ane considers the role of genetic variation in the 
competitive ability of different B. nigra lines is 
coexistence predicted. 

The observed differences in heterospecific 
invader fitness in seed production persisted into 
the next generation in the field, resulting in 
higher seedling densities in low-sinigrin com- 
munities compared with high-sinigrin commun- 
ities (all species combined, LR = 5.06, P< 0.05; 
A. menziesii, LR = 4.59, P < 0.05: S. oleraceus, 
LR=424, P<0.05; M. parviflora, LR =0.433, 


Fig. 3. Fitness of invaders 


in the three community coat Sinori bwvacer 
types (means + SE). Gray [= Low-Sinigin Invader 
bars represent the average [DHeterospecific Invader 
response of the three het- 

‘erospecific species. See text 


{for statistical comparisons. 


Invader Seed Output 


88888 88 


High Sinigrin 


14 SEPTEMBER 2007 VOL 317 SCIENCE 


P= 051) (Fig. 4), Thus, genetic variation in B. 
nigra affected the population dynamics of com 
peting species. 

Because our analyses are based on the 
‘comparison of our artificially selected lines, i is 
possible that any effects we detect are due to 
pleiotropic effects or genes closely linked to 
those controlling sinigrin concentrations, rather 
than the direct action of sinigrin, The evolution- 
ary implications are the same in either case, be- 
‘cause our invasion analysis still predicts how 
Sinigrin concentrations are expected 10 inercase 
(or decrease through time, whether through the di- 
rect actions of sinigrin oF as comelated responses o 
selection on closely linked genes, Nevertheless, 
weave some evidence that sinigrin itself may be 
driving these pattems. Glucosinolates have been 
extensively studied as defenses against herbi- 
vores (//, 12); however, rates of herbivory by 
generalist and’ specialist herbivores were gen= 
erally low and did not differ between community 
(or invader types. 

‘Another possibilty is that mycorhizal fungal 
‘communities are altered by sinigrin or its break 
down products. Glucosinolates have known ant 
fungal properties (/3) and have been proposed to 
mediate competition between mustarls and other 
plants through their effects on arbuscular mycor 
thizal fungal mutualists of competitors (20). To 
explore this possibilty, we estimated the mycor 
thizal infection potential (MIP) of soils taken 
from 10 plots of each community type (high-snd 
low-sinigrin B. nigra monocultures and mixed 
‘communities of the tee heterospecifis), using 
Sorghum bicolor as an indicator species (/8,2/). 
‘The plant community type had a large, significant 
effect on the MIP of the soil samples (R? = 0.677, 
Fizy = 15.717, P< 0.001, analysis of variance) 

s from under high-sinigrin 8, nigra commun- 
ities had significantly reduced MIP compared 
with soils from low-sinigrin communities, with 
swils from diverse hoterospecific communities 
intermediate between them (Fig, 5). 


‘DHigh-Sinig] 
‘Communty 
Low Shigin 
‘Communty 


Fig. 4. Seedling density of the three hetero- 
specifics in the following growing season, compar 
‘ng high- and low-sinigrin B. nigra communities 
‘nto which a heterospecfic “invader” of the same 
species had been planted in the previous year 
(means + SE) Asterisks indicate significant (P< 
(0.05) differences between high- and low-sinigrin 
‘communities within an invading species. 
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Fig. 5. Mycorthizal infection potential (measured 
as the percentage of root sections colonized with 
mmycorthizal fungus) in soil from high and low- 
sinigrin 8. nigra communities and mixed hetero- 
specific communities (means + SE). Bars sharing 
the same letters are not statistically diferent. 


Plants in the Brassicaceae are characterist- 
cally nonmycorrhizal, whereas we observed that 
the three heteraspecific competitors, like almost 
all other angiosperms, do form mutualistic as- 
soviations with mycorrhizal fungi. Therefore, the 
‘observed pattem in MIP among community 
types may explain the pattem of lower fitness of 
hheterospecifics in high-sinigrin B. nigra com- 
munities and higher fitness of high-sinigrin &, 
‘nigra invaders in heterospecific. communities. 
‘The higher fimess of low-sinigrin B. nigra invad- 
crs in B. nigra monocultures is consistent with 
‘cost of sinigrin production (22) and little benefit 
‘ofhigh sinigrin levels when competing with non- 
mycorrhizal B. nigra neighbors. Other mocha- 
nisms, such as direct allelopathy, may be acting 
as well (23), 

Our field data show an intransitive compet- 
itive hierarchy between competing species and 
‘genotypes leading to cyclical dynamics; high- 
sinigrin B. nigra can invade diverse communities 
of other species, lowssinigrin B. nigra can invade 
patches of high-sinigrin B. nigra, and other 
species can invade patches of low-sinigrin B. 
‘nigra. Thus, each species or genotype is able to 
invade at least one other community type, pro- 
moting coexistence through mutual invasibility 
(U9). For instance, a diverse, heterospecific com- 
‘munity could be invaded by high-sinigrin geno- 
types of B. nigra. As B. nigra rises in abundance, 
displacing heterospecifics, selection will begin to 
favor lower-sinigrin concentrations. If sinigrin 
concentrations fall low enough, heterospecific 
species may be able to reinvade the community, 
starting the cycle over. This kind of "rock-paper- 
scissors” intranstivity has been shown to allow 
‘coexistence between species (24. 25) and geno- 
types within species (26, 27), but few studies 
hhave investigated intransitive networks consist- 
ing of different species and genotypes within one 
species (28) 

The experimental results, combined with nat- 
ural observations, show that in this system, the 
‘maintenance of species diversity is dependent on 
sufficient genetic variation, because without this 
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variation the system would become dominated 
by B. nigra (i sinigrin levels are uniformly high), 
‘or by other species (if'snigrin levels are uniform- 
ly low). Simultaneously, the maintenance of ge- 
netic variation is dependent on species diversity, 
because selection is predicted to fix sinignn 
levels at their lowest level if other competing 
species are not present. Our experiments show 
that a trade-off between intra- and interspecific 
competitive ability in the genetically variable 
species led to an intransitive competitive hierar- 
chy among competing species and genotypes, 
thereby promoting coexistence. These results 
clearly show the potential for genetic variability 
‘and microevolution within species to alter com- 
munity dynamics and structure. Conservation 
efforts aimed at maintaining species diversity 
therefore should not overtook the potential im- 
pacts of losses of genetic diversity, which could 
ultimately lead 10 losses of interacting species. 
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Quantitative Imaging of Nitrogen 
Fixation by Individual Bacteria 
Within Animal Cells 


Claude P. Lechene,”* Yvette Luyten,*t Gregory McMahon,? Daniel L. Distel”* 


Biological nitrogen fixation, the conversion of atmospheric nitrogen to ammonia for biosynthesis, 
is exclusively performed by a few bacteria and archaea. Despite the essential importance 

of biological nitrogen fixation, it has been impossible to quantify the incorporation of nitrogen 
by individual bacteria or to map the fate of fixed nitrogen in host cells. in this study, with 
‘multi-sotope imaging mass spectrometry we directly imaged and measured nitrogen 

fixation by individual bacteria within eukaryotic host cells and demonstrated that fixed nitrogen 
{ used for host metabolism. This approach introduces a powerful way to study microbes and 


global nutrient cycles. 


acteria and archaea responsible for 

biological nitrogen fixation can be found 

in free-living form (J-3) or in symbiosis 
with algae (4, 5), higher plants (3, 5), and some 
animals (6-8). Although these microbes are a 
‘tical part of the global nitrogen cycle (9), there 
has previously been no means to evaluate this 
fixation process at subcellular resolution. This is 
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now possible with mult-isotope imaging mass 
spectrometry (MIMS) (10). 

‘Wood and woody plant materials are abun- 
dant in the biosphere (//) and are important 
‘nutrient sources for a variety of fungi and 
microorganisms (12), Yet few animals are able 
to feed primarily on wood (/3). Although rich in 
carbon, wood typically contains two orders of 


1563 


Br 


1564 


magnitude less nitrogen per unit of earbon than 
does animal tissue (14. Animals using wood as 
food must therefore obtain other sources of 
combined nitrogen for biosynthesis. For exam 
ple, wood-eating termites are thought to supple- 
ment their diet with nitrogenous compounds 
produced by nitrogen-fixing bacteria inhabiting 
their gut (6). This conclusion is supported by 
observations that a variety of nitrogen-fixing 
bacteria have been cultivated from termite guts 
(1) or detected by culture-independent methods 
(US, 16), and that substantial rates of nitrogen 
fixation have been measured in association with 
termite guts and intact termite colonies (6). Di- 
rect measurement of nitrogen fixation by indi- 
vidual bacteria and of nitrogen use by host cells, 
however, has remained impossible. 

Nitrogen fixation has also been detected in 
intact specimens of wood-cating marine 
bivalves of the fiumily Teredinidae (commonly 
known as shipworms) (/7), but the site of 
fixation and the identity of the nitrogen-fixing 

isms have not been previously 
mined. Although conspicuous commu- 
nities of nitrogs bacteria have not been 
found in the gut of shipworms (/3),as they have 
in termites, dense populations of intracellular 
‘bacterial symbionts have been observed in cells 
(bacteriocytes) in a region of shipworm gills 
known as the gland of Deshayes (/8). Moreover, 
a bacterium (Teredinibacter tumerae) capable of 
fixing nitrogen gas (N,) in pure culture has been 
isolated from the gills of numerous shipwom 
species (19, 20), and its presence in the gill 
symbiont community of the shipworm Lyrodus 
pedicellaus has been confirmed by in situ 
hybridization and quantitative polymerase chain 
reaction analysis (21-23). These observations 
raise the questions of whether bacterial sym- 
bionts within the gills of Z. pedicellamus can fix 
nitrogen and whether this fixed nitrogen is 
supplied to the hast, 

‘We localized and measured nitrogen fixation 
by individual cells of 7: umerae in pure culture, 
by individual bacterial symbionts in the gill of L 
pedicellatus, and in subcellular domains of 
bacteria-trve host tissue, using MIMS (0) to 
measure the incorporation of nitrogen gas 


enriched in the rare stable isotope '°N. With 
MIMS methodology, quantitative mass images 
(QMls) were generated (and the isotope values 


CIN} produced by bombardment of the 
tissue with a primary cesium ion beam (/0). 
The tissue was visualized by mapping the 
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distribution of the naturally abundant isotope 
N (as represented by “°C'¥N") to produce a 
high-resolution image of nitrogen-<containing 
tissue. A second image, simultaneously acquired 
in parallel, mapped the distribution of the rare 
isotope "'N (as represented by ?C!5N7) (24). 
The incorporation of !°N tracer could then be 
measured by comparing the two quantitative 
inugcs to dotenise the increase: of "NN 
ratios as compared tothe natural abundance ratio 
(0.00367), We represented the enrichment of 
in tissue using a color-coded transform (hue 
saturation intensity (HSI)] of the isotope ratio 
values (10, 25). 

We first established that MIMS could be used 
to measure nitrogen fixation by individual cells 
of T. twnerae grown in axenic culture in vitro 
(24, When grown in the presence of "Ns tracer 
(without a combined nitrogen source in the medi- 
tum), biological nitrogen fixation could be de- 
tected as a time-dependent increase in the '"N/4N 
isotope ratio in individual bacteria. In cultured 
T. turnerae, we found that the mean '°N frac~ 


tion increased by a factor of 7 t0 9 over its 
natural ratio after 30 min, by a factor of 20 to 
28 after 8 hours, and by a factor of 68 after 7 
days (Fig. 1, A to C). There was no detectable 
elevation of the N/'4N ratio in cells of 
Enterococcus faecalis, a bacterium lacking the 
ability to fix nitrogen, when grown for the same 
estimated number of generations in the presence 
of the '°Nz tracer and analyzed together with 
T. turnerae in a mixed population (Fig. 1,A tC). 

We then applied MIMS to measure the 
incorporation of 'N by symbionts within gill 
bacteriocytes in vivo by exposing J. pedicellatus 
to "Nlabeled Ny while in their intact wood 
bumows (24), Afler8 days of exposure, there was 
dramatic elevation of the "N/'*N ratio in 
localized regions within the gland of Deshayes, 
‘demonstrating the incorporation of gaseous '°N 
into the molecular makcup of these regions (Figs. 
1D and 2, A to I, and supporting online text) 
The "CN QMIs (70) showed that these regions 
appeared to contain densely packed bacteria, We 
measured nitrogen fixation by thousands of 


Fig. 1. N fixation by isolated 7. tumerae bacteria and by bacterial symbionts within the marine bivalve 
L pedicellatus. (A and B) Parallel QMis of one field containing 7. turnerae (Td and E. foecalis (Ef). (A)°C*N. 
(8) “CN”. (©) Hl of the ratio (BMA). The image is 256 x 256 pixels; acquisiton time was 30 min. Scale bar, 
‘Sum. (D) Mosaic of HSI of the “7C°N/7C"*N ratio from L. pedicellatus. Each tile is 100 x 100 jm and 256 x 
256 pixels; cquisiton time was 120 min per tle. Scale bar, 25 ym. The HSI scales represent the measured 
2S ratio divided by the natural abundance ratio. The scale ranges from blue (denoting a factor of; that 
%, the natural value) to magenta (dencting an increase over the natural value by at least the factor indicated 
‘onthe right of each bar. (E) Cartoon of (0), outlining the location of the land of Deshayes (red), interlamellar 
junctions (blue), ctenical laments (green), and bacteriocytes (outlines). In (Q, the highest *°N incorporation 
‘seen in7. turerae and none in €. foecals. n (D), the highest "=N incorporation is seen in bacteriocyts of 


the gland of Deshayes. 
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individual symbiotic bacteria. The values of “"N) 
"4 ranged from a factor of 17 to a factor of 68 
over the natural ratio, with « mean inerease of a 
factor of 39 (Fig. 4A, Table 1, and supporting 
online text). Furthermore, we were able to 
socessively image the same gill tissue sections, 
first with transmission electron microscopy 
(TEM) and then MIMS, The images produced 
by the two methods could be precisely 
superimposed, confirming the identity of the 
ensely packed bacteria observed in the MIMS. 
images (Fig. 2, Gto This enabled us to find that 
the regions immediately adjacent to the periphery 
of individual bacteria had a degree of "N 
incorporation that was slightly more elevated 
(but with high statistical significance) than that 
within the bacteria (supporting online tex). These 
results demonstrate that nitrogen is fixed by 
endosymbiotic bacteria within the gills of L 
pedlicellars and suggest that molecules containing 
fixed nitrogen are transported tothe proximity of 
the bacterial cell surface. The variation in '°N 
fixation among individual bacteria could reflect 
differences in the physiological state of symbionts 
for genetic differences among symbionts within 
individual bacteriocytes. The latter is consistent 
with previous observations indicating the o- 
existence of multiple symbiont ribotypes within 
individual bacteriocytes in L. pedicellatus (22) 
The variation could reflect bacteriocytes at 
different stages of development (26). 

‘The '*N/"4N ratios were also elevated in gill 
rogions and structures that were free of bacteria, 
such as in diserete cells located at the base of the 
gill filaments and in individual cilia in the gill 
‘apex where new filaments are formed (Fig. 3, A 
(0 C and E to J). We circumscribed hundreds of 
subcellular regions of interest (ROIs) on these 
structures and found inereased '°N/'*N values 
ranging from a factor of 14 to a factor of 11 over 
the natural ratio, with a mean inerease ofa factor 
‘ofS for ROIs in both the ctenidial (gil) filaments 
and interlamellar junctions (Fig. 4A, Table 1, and 
supporting online text). We confirmed the absence 
‘of symbionts in these ROIs by TEM analysis (Fig. 
3D), Although '°N was incorporated in symbiont- 
five regions, the highest values in these regions 
‘were lower than the minimum value measured in 
the symbiotic bacteria (Fig. 4A and Table 1). The 
‘observed distribution of °N incorporation (high in 
jmbionts, low in symbiont-fiee cells) is con- 
stent with the transfer of newly fixed nitrogen 
from its source in symbionts tots inclusion in host 
cellular pools. These results provide strong 
evidence that newly fixed nitrogen is used by 
shipworm cells for biosynthesis (Fig. 4B). 

‘MIMS technology has allowed us to localize, 
‘quantify, and compare nitrogen fixation in single 
cells and subcellular structures. We have demon- 
stated nitrogen fixation by individual symbiotic 
‘bacteria and have provided strong evidence of its 
use by the host. This symbiotic strategy is 
reminiscent of symbioses proposed to occur in 
the root nodules of leguminous plants and may 
explain the unusual ability of L. pedicellanus to 
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Fig. 2. (A) to (F) nitrogen fixation by individual bacteria within 
bacteriocytes. () to (I) TEM followed by MIMS analysis of the same 
field. (A and B) QMI within the gland of Deshayes. (A) **c**N”. (B) 
CN". (©) HSI of the ratio (BMA), The image is 256 x 256 pixel 
acquisition time was 180 min. Scale bar, 15 jum. Regions with 
elevated *5N/N ratios contain nitrogen-fixing bacteria (fig. $3, D 
to 1). (D and E) QMI from field outlined by pink box in (©. (0) 
%C™4N~ (€) *2C™N". (F) HSI of the ratio (EAD). The image is S12 x < 
512 pixels; acquisition time was 880 min. Scale bar, 5 ym. HSI 

scales represent the measured °N/**N ratio divided by the natural 

abundance ratio. (G and H) TEM followed by MIMS analysis of the 

same field [white box in (C)]. (G) TEM image. (H) CN" QMI. The ai 
MIMS image is 317 x 317 pixels, acquisition time was 844 min, 

Scale bar, 1 jum. () Overlay of (G) on (H). Note the excellent registration of the TEM and MIMS 
images. 


Watt , 


Fig. 3. Nenly fied nitrogen jn bacera-free regions of L.pedicellatus. (A and B) QMI ofa cteidial 
filament. (9) **C*N-. (8) “CN”. (C) HSI of the ratio (B)A). The image is 256 x 256 pixels; acquisition 
time was 200 min, Scale bar, 5 ym. (D) TEM of a section consecutive to (A) to (). Scale bar, 5 ym. (E 
and F) QM of a lateral citium. (€) **C'4N~. (F) "2C*5N-. (G) HSI of the ratio (FI(E). The image is 512 
512 pixels acquisition time was 880 min. Scale bar, 3 ym. (H andl) OMI of the area boxed in(E) to (G).. 
4) ¥c*N-. (0) CSN. CD HSI of the ratio (MH). The image is S12 x 512 pixels; acquisition time was 
880 min. Scale bar, 1 um. HSI scales represent the measured **N/*N ratio divided by the natural 
abundance ratio. Note the elevated #C#°N/2CHN ratios in bacteria-ree cells and cilia, 
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‘Table 1. **N incorporation in L. pedicellatus expressed as the experimentalterrestrial *"N/*N ratio. 
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N Mean sD Maximum Minimum 
Bacteria within bacteriocytes 1863 391 ng 679 1 
Ctenidial filaments 254 5.44 2.67 110 139 
‘Interlameliar junctions 152 531 2.02 9.81 153 
A B 12, G. Daniel, Wood Deterioration and Preservation: 
bella) m Advances in ut Changing World, 8. Goodell, 
70 = AA (0. Nicholas, T. Schultz, Eds. (American Chemical 
T) | Fean | Prose ‘Sect, Washington, 0, 2003), pp. 34-72 
“ Bectorooyt | se] |——m | MA 13, DLL Dis, n Wood Deteroration and Presenain: 
pa : ‘vances Our Changing Wort, 8. Goode, 
. Nicholas, . Slt, £85 (Amen Chena 
j * ‘Organ of Deshayes Saciety, Washington, DC, 2003, pp. 253-271 
= Symbiontinwe cats 14 RRytk et al, On-Farm Composting Handbook 
oy) 4 a ‘Notas Regional Agricultural Engineering Service, 
Fig. 4. Incorporation of 2°N by bacteria in Ithaca, WY, 1992). 
» bacteriocytes and nit use jiont- 15. S. Noda, MA. Obkuma, R. Usami, K. Horikoshi, T, Kudo, 
free tines) Box Bas af he MCW) tr Enron mbt, #35 99 
» TECHN fotope ratios within the bactrioeytes 16M. Okina 5. Ned, Fut, Aol. Eon. Mobil 
: 65, 426 0999) 
and in symbiont-free cells (see box plot 
© sym 17, 1 Crpentr, IL. Cui, Scence 187, $51 (1978. 
description in fig. $4 legend). (B) Cartoon of 18. }. Popham, M. Dickson, Mar. Bol 19, 338 (1973), 
1 proposed nitrogen fixation and transport in L 19. }. 8. Waterbury, CB Calloway, R. D. Turner, Science 
‘Bacton Clonidial —irteriameliar © Natwrt —_ppedicellatus. Nitrogen diffusing from seawater 221, 1401 (1983), 
Plamen: = dunctens = Rata a 20, 0. L. Oistel, W. Morrill, N. MacLaren-Toussaint, D. Franks, 


into the gill tissue is fixed by symbiotic 


bacteria (SB) in the gland of Deshayes, then transported away and diluted into the host's biomass 
‘pool, providing nitrogen for synthesis of amino acids (AA), proteins, nucleic acids (NAY, glycoproteins 
(GP), and compound lipids (0) used for host tissue metabolism. 


survive and grow on a nearly nitrogen-free diet of 
‘wood (27) (Fig. 4B). Thus, this work suggest 
function for the shipworn/bacteria symbiosis 
that has not been demonstrated previously for 
any other animal endosymbiosis: the conversion 
of nitrogen from atmospheric gas into animal 
‘biomass. This method, which also can be applied 
to measure the distribution of any stable (or 
radioactive) isotope-labeled molecule at micro 
‘meter to nanometer scales, provides a template 
for the study of individual microbes ina 
‘population and of their roles in the physiology, 
pathology, and ecology of lie, 
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Real-Time Cell Monitoring 


The ECIS 9600 is a high-throughput instrument designed to monitor cells grown in spe- 
ial arrays having a standard 96-well plate configuration and footprint. Like other elec- 
tric cell-substrate impedance sensing (ECIS) instruments, it uses a very weak AC current 
to measure the impedance of a small active electrode in each wel in real time to provide 
nearly immediate indications of cell activity and response to agents. The consumable 96- 
Well arrays are easily connected to the instrument using a single lever to make electrical 
contact, The instrument is capable of scanning all 96 wells in approximately 30 seconds 
(with three AC frequencies available) in addition to noninvasive measurements, the ECIS 
9600 can be programmed to apply elevated fields for cell migration measurements via 
‘an automated wound-healing assay. The same high fields can also be used at shorter 
duration to electroporate membrane-impermeable compounds into cells for analysis. 
Data acquisition and analysis is handled by user-friendly software running on a Windows 
XP Professional platform, with data readily converted to text files for export. In addition 
1 cell migration, assays can be devised for applications in signal transduction, cell inva- 


sion, and in vitro toxicology. 


Applied BioPhysics For information 866-301-3247 wwn.biophysis.com 
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Workstation 

The Carousel 6 reaction station is for individual 
chemists who require ease of use, operational ver~ 
satilty, and productivity in a benchtop synthetic 
workstation, The Carousel 6 provides chemists 
with a simple and convenient tot that can be con- 
figured to simultaneously str up to sixreactions at 
70°C to +180" in a range of round-bottomed 
flasks from 5 ml to 250 mil. Drop-in aluminum 
inserts provide the flexibility for different sizes of 
reaction flasks to be used in a single system, An 
integral reflux head with central gas inlet and 
radial distribution system, combined with 3 
tight PTFE caps, allows reactions to be carried out 
‘under an inert atmosphere, The affordability of 
the Carousel 6 brings the productivity benefits of 
parallel synthesis to individual chemists at a frac- 
tion of the cost of comparable systems. Is small 
footprint requires a minimum of fume cupboard 
space. It offers a cooling reservoir option that is 
compatible with a wide range of freezing mixtures. 
Radleys For information +44 1799 513320 

new radleys.com 


Uniform Magnetic Microspheres 
The ProMag magnetic microspheres are polymer- 
based, highly uniform beads. Their surface 
chemistry and surfactant-free preparation offer 
easy attachment of ligands for many applications 
in the life sciences. Rapid separation rates make 
them suitable for automated assay systems or 
benchtop use. 

Polysciences For information 800-523-2575. 
_vnew.polysciences.com 


RNA from a Single Cell 

The ArrayPure Nano-scale RNA Purification Kit 
provides all the reagents needed to purify RNA 
from one or more eukaryotic cells, including 
quantities typically obtained with laser capture 
procedures. The kit contains only aqueous solu- 
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tions and requires no toxic organic solvents. A 
nano-scale protocol has been developed and 
tested with quantitative real-time polymerase 
chain reaction on 1 to 10,000 eukaryotic cells. 
‘ArrayPureis aso compatible with RNA amplifica- 
tion techniques in which microgram amounts of 
RNA have been produced from 20 HeLa cells. 
Epicentre Biotechnologies For information 
800-284-8474 wen piBiocom/araypureasp 


Microscope with LED Illumination 
The Leica DM1000 LED microscope features tong- 
lasting light-emitting diode (LED) illumination, 
which provides color-neutral illumination and 
rarely needs lamp replacement. An optional, 
portable solar power supply is available for field- 
based applications. LEDs offer long service life, 
low heat generation, and low power consumption. 
Ergonomic features include height-adjustable 
focus button and eye tubes that can be individu- 
ally adjusted or configured with an ergonomic 
15° viewing angle. The microscope features ahard 
ceramic stage that can withstand years of use. 
Leica Microsystems For information 

+49 6441 29 2550 weleica-microsystems.com 


Therapeutic Protein Generation 

The OptiCHO Express Kit is designed to quickly 
produce high yields of therapeutic proteins from 
‘CHO DG44 cells. The 10-reaction kit comes com- 
plete with a detailed protocol, cloning vector, 
reagents, cells, and media all optimized to work 
together. The kit allows users to transfect CHO 
10644 cells in a serum-free environment, as well 
35 rapidly develop stable, high expression cell 
lines. CHO DG44 cells are a key bioproduction 
cell line. Because they lack dihydrofolate reduc- 
tase, when transfected with the right vectors, 
they can be made to produce excess protein. 
Invitrogen For information 716-774-6737 


High-Throughput Laser 
Microdissection 

The PALM CapturePlate 96 is a microtiter plate 
designed to bring high throughput to laser 
microdissection. Up to 96 specimens—isolated 
tissue areas or cells removed from a tissue sam- 
ple—can be taken directly from glass stides 
without any manual intermediary step. The spec- 
imen is obtained contamination-free through 
the use of the unit's laser microdissection and 
pressure catapulting (LMPC) technology, The 
specimens can be distributed precisely among 
the individual wells through the use of the PALM 
RoboMover capture unit, 

Carl Zeiss For information +49 (0) 3641 642770 
wrm.zs5. de 


Literature 

‘Automating Kinetic Fluorescence Whole Cell 
Assays Using the Velocity11 BioCel Screening 
Platform isa technical poster that describes how 
a labor-intensive, multi-step assay was auto- 
mated, providing time savings and enhanced 
assay consistency. Kinetic fluorescence whole 
cell assays are widely used in high-throughput 
screening laboratories, but automating them has 
been a challenge. These assays frequently 
involve wash steps and multiple plate additions 
and ideally should be prepared entirely at 37°C. 
The poster describes a protocol for performing 
the entire process in a contralled environment. 
For information +44 1763 269110 


em yelocty12.com 


\Neniy offered Instrumentation, apparatus, and laboratory 
‘materials of iterest to researchers in all disciplines in aca- 
emic, industrial and government organizations are featured 
in this space. Emphasis is given to purpose, chi characters- 
tis and availabilty of products and materials, Endorsement by 
Science or AAS a any products or materials mentioned snot 
‘implied. Additional information may be eblained {rom the 


mn invitrogen.comMbioproduction manufacturer or supplier. 
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Science Careers 


From ie on Mars 
to llesciences 


Foradil eta 
‘wescenercretag i ekon 
‘irdeto orclte alow epee 
United States & Canada 
‘Ernalk adverse @sciencecareers.org 
Fax: 202-299-6742 

14M KING Recruitment Sales Manager 
Phone: 202-326-6528 

ALLISON MILLAR 

Industry-US & Canada 

Phone: 202-326-6572 

ALEXIS FLEMING 

Northeast Academic 

Phone: 202-326-6578 

TINA BURKS 

Southeast Academic 

Phone: 202-326-6877 

‘DARYL ANDERSON 

Midwest/Canada Academic 

Phone: 202-326-6543 

NICHOLAS MiNTIBIOZE 

West Academie 

Phone: 202-326-6533 


Europe & International 
Email adst@sclence-int.couk 
Fax: #44 (1229326532 
‘TRACY HOLMES Sales tarager 
Phone: sh (0) 1223 326525, 
ALEX PALMER 

Phone: 4 (0)1223 326527 
‘ALESSANDRA SORGENTE 
Phone: + (0)1223 326529 
MARIUM HUDOA 

Phone: +44 (0) 1223 326517, 
LOUISE MOORE 

Phone: 4 (0) 1223 326528 


Japan 

JASON HANNAFORD 

Phone: +81 (0) 52-757-5360 
Email han nem 
Fax: 681 0) 52-7575361 


Tabertets Sire 
Ds Venn 02644070 800.73:4002 
be otaliewac a 2333655 
‘Geoatonton gre spun pr Scr 
Seneieeveanemonernenee 
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\CULTY POSITIONS 


BIOLOGICAL CHEMISTRY FACULTY 
POSITION 
Wayne State University 

The Department of Chemistry at Warne Sate Uni 
weniny sed applications for a tenure tack position 
In the Diaion of Biologel Chenry, Preference 
wil be given toward camiidate atthe ASSISTANT: 
PROFESSOR loc Candiaree must have 2 PhD 
ani the peential vo develop a nationally recognizcd, 
exurly fended socach jrowram Of cotsandiog 
(qualy in any area of biological chemistry. The De 
Partmne ofescxcting opportunities fr candidates 
Sith racarh inert complementing» eg group 
‘Of Bulky working inthe areas of DNA, RNA and 

orcin biochemsty, cazymology, carcinogens, 
Puophyaical, binonganic, and toinonganicchemisry, 
as well as mokeubar and celular bdogy (sce de 
Partmenal website: hep /chem wayne.cda, for 
Fither information) 

The Deparment of Chenscry has 2 supportive 
scalerie Cavronment and 3 miveg. pradaie pro 
gram. Excclene opportuni ext Yor collaborsve 
fecach with indiiduate in the Department of Bi 
logical Sciences, the basic science departments i 
the highly ranked School of Medicine the College 
‘of Pharmacy and Hea Sccnor, a well in the 
Center for Molecular Medicine aed Genetic, the 
Inottute for Environmental Health and 
the Barbara Ann Karmanos Cancer I 
Deparment of Chemin coffin. an excdlent re 
search environment that iadades ample, newly re 
‘ovate research Laboratories and 2 fly sealed Central 
Instrument Facey that manages. wate-of the-art 
‘Sjuipmene for: electrospray ionization and MALDI 
‘Tot mae spectrometry, circular dchrot, electron 
parame rewnance, sure piston resonance, tare 
Irion cearon microscopy, and nuckar magnetic 
fexcmance (NMR) Gncayg 3700 megahere [MEL] 

i with cryoprobe). The Wayne, State faculty 

also have acess to the resources of the Michigan 

ance (website: hetp:/ /www. 

), which includes hte fr Ta 

atcomics, genonicy, animal masts 

and structural biology, including 900 MHz NMI 

tnd 2 dedicated syechrotton Beamline for Xray 
‘cy ualograty 

Raphi tou mii» cimplieremnies 
decrption offre research plans, as well a three 
icster of recommendation sdkeming bork rsarch 
and teaching poscotal. Al materials should be sent 
it: Profesor Charles H, Winter, Anodate Chain, 
TAL Chemistry, Wayne State University, 5101 
Cass Avene, Detroit, MI 48202-3489. Tr ad 

ste mara ene, st 
‘complete an online application st webster 

Zeepssioke, Pots spe a cae 
Seen, nest of aylestons wil be 
fin October 2007. Wane aud te cdi oe 
Scoops pth. Weyer Sux Unienty fon Epa Op- 
pron ant mire Alon Epler 


ACADEMIC SURGICAL PATHOLOGIST. 
‘TaftsNew England Medical Center, Boston, Mas 
sochwets. The Department of Pathology, Tuite 
New England Medial Cente, invites pyiicants for 
an academic surgical patholo’ postion atthe rank 
‘of ASSISTANT/ASSOCIATE PROFESSOR. Ap 
phan mast be boil cenified in anatomic ant 
hovel potholes and hemstopathnlgs wath adh 
Sonal subspecialty experience in renal paolo The 
pontion will qwohe active particpation in diagnostic 
Singical pathology including ctopathology x wel 3s 
Commitment to existing hae research progranss it 
Shimal mach of immune mediated Kidney disease 

onabilacs ako include teaching of mmcical 

ts at Tus University School of Medicine. A 
seeong record of cadena achievement and pulics 
tions i required. Please forward cumiculimn vitae, 3 
bret statement of recent iterets and the names Of 


#802, 750 Washington Strect, Boston, MA 02111. 
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meUNIVERSITYof 
TENNESSEEUr 


“HEALTH SCIENCE CENTER 
CHALK 
Department of Anatomy and Neurobiology 
The Univenityof Tennessce Health Science 
Center College ‘of Medicine seeks 3 diverse 
pool of nominees and applicants for the 
Ponition of the Simon R. Bruesch Professor 


prccrtitets 
Semmied to excellence in education, re 
scary apd sence The Deparment of Anat 
‘omy and Neurebology f curren home to 
38" hime focal tocenbern, 27 secondary 
appoitces, and 17 yraduate tadent, most of 
‘thom parkipate ithe campuswid’ Neuro 
scene lite (wets sr, 
a 
hil Tead the recruitment of teveral terre 
ick ny 6 rund he, Dane 
tmovdm rescarc lalratorcs. pcan shou 
ies moet ant 
‘ge of Equal Employment Opportunity and 
Mie te 
The Department Chai will have distin 
gael atts a anal eg 
fradaae and molicl sun cdcaion, and 
“xpericnce mentoring juor faulty, Casi 
“tes mat pomessa PRD. dgrecor equivalent, 
‘ora MLD? degre i an appropriate slentic 
‘icping. The ponion require proven fader 
ship abies ctatdstng produce coll 
fatoes with other baue and cal scence 
Aijurtieat ener The accel cant wil 
betapaieof pring energie ales and 
shoul be able wo arteulte a vison foe on 
imued growh and devdopment of maj 
AAnaomny and Neurobiology Deparment tha 
‘Sree ranks among the tp pega athe 
Sountr” Qualied applicant mat submit 
Keer of interest accompnid by comical 
‘itae andthe nares and adress of thee 
{recs to: Wiliam Pasinelly Ph.D, M.D. 
Semmes Murphey Profesor and Chait, De- 
tment of Neurology Chait, Auatoaty and 
curoblology Chale’ Search Committe, 
‘The Univeraty of Tenneace Health Sconce 
Genter, P.O. Box. 63687, Memphis, IN 
S163. Resiew of applica wil begin se 
diately and wil continue und he postion Is 
fle. The Uety of Tome at gl ie 
Hepwont Opporiny/Afemaive ActesFake V17 
Mike TX/SatonSOUADATADEA Tustin i 
1 pron fs cc ep 


PLANT ECOLOGIST. North Centra Cale in 
sites appications from broadly trained Pant Ecole 
fess fora tenure tack appcitmners. PhD. required, 
Fontdectorl experience prefered. Teaching. slg 
Fnts include cores in ecology, botany ae en 
ronmental scence as well cut nsrocictry Dislogy 
SSqaence. Apphcants should eit 3 potential for 
Sauces tectgstons Secting ood nen 
{hg, as wel as 4 commitment to scholarship that 
slides collaborative research ‘wih sunderpraduates 
Sr an interest in contributing wo at intendseiphinary 
fencral clucation program, Review begins on No 
Sembee 9, 2007. See website: heep://worw oct, 
si for more information. Applicants who 
‘Seleat ta ancaydcconpe cota) 
Bre strongly encouraged to apply. Equal Opry 
Employer 
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MAKE WAY FOR THE NEXT GENERATION: 
JUNIOR FACULTY ARE MOVING IN 


Universities across the United States and Europe are increasingly reshaping recruitment 
policies in order to attract and retain more junior faculty. Replacing the old sink or swim 
attitude is a desire to provide a more supportive and nurturing environment. Driving the 
new trend are several factors, including a concem that many of today's senior faculty are 
approaching retirement age and will need to be replaced, and a desire to have faculty 
that more closely reflect the gender and ethnic diversity of the population they serve. 
By Julie Clayton 


rivate universities such as Harvard, Yale, and Princeton have historically hired 

more at senior levels—tending to hire the most distinguished scholars they could 

find. Junior faculty would be hired for three to six years and then had to move 

elsewhere. That has changed a bit, and they tend to be hiring more junior faculty 
now,which includes efforts to recruit women and minorities into the sciences.” These are 
the words of Bob Berdahl, president of the American Association of Universities (AAU), 
describing what appears to be a widespread shift in the hiring paradigm for junior level 
faculty in the United States. 


The Aging Work Force 

When Debra Auguste decided to leave Princeton last year for a position at Harvard Univer- 
sity, it was because Harvard today is attempting to move away from its past reputation for 
failing to support junior faculty. Taking up the post of assistant professor in the Harvard 
School of Engineering and Applied Sciences, Auguste has been given every encourage: 
ment to consider this as a place to establish her long-term research career, with a good 
chance of obtaining tenure. 

“They really are pushing to develop junior faculty and they're investing a lot in each 
and every one of us,” she says. The investment included a generous startup package—a 
custom-designed laboratory of around 1,600 square feet for the study of embryonic stem 
cells and tissue engineering. “Everything was put into place to be as | designed it. If don’t 
succeed, it rests on my own shoulder: 

Another new recruit is Hopi Hoekstra, who moved from the University of California, 
San Diego to become an associate professor in the Harvard Department of Organismal 
Biology—a tenure-track position that will be reviewed after three years. Hoekstra studies 
ecological genetics with wild mouse populations, trying to understand how changes in 
DNA can alter fitness and survival. She brought a total of five students and postdocs from 
California, and has recruited an additional five since arriving last year. 

Like Auguste, Hoekstra credits the “amazing resources” and “incredibly supportive en- 
vironment” as the key attractions of Harvard, including a newly established junior faculty 
mentoring program. “I really feel like senior faculty are amazing mentors. They've had to 
‘g0 through the process and scientifically they're strong.” 

“Historically, Harvard has the reputation that it doesn't treat faculty well—that it's hard 
to get tenure. Harvard would more often appoint a senior person, a leader in their field, 
and junior faculty did not measure up. says Andrew Biewener, chair of the Department of 
Organismal Biology where Hoekstra is based. “But the view we take now is that it's the 
younger people in the faculty who are most likely to be doing cutting-edge research. We're 
trying to hire the best, who will advance in their careers and receive tenure, in our depart- 
ment and in the life sciences generally.” 


The Retirement Boom 
Harvard's sizable endowment enables it to put financial muscle behind 


www.sciencecareers.org/businessfeatures 


Debra Auguste 
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“We're continually growing. 

We're so big and we recruit so 
much that [the aging work force] 
is nota significant issue for us.” 


Alan Fogelman 


Ai 


these changes, but publicly funded universities also seem to be im- 
proving the prospects for junior faculty. For some institutions, this 
may prove critical for survival, especially given the expected retire- 
ment of many senior faculty over the next decade. 

‘At the University of North Carolina, Chapel Kill, for example, the 
faculty retirement rate is predicted to double over the next 10 years, 
with at least 500 faculty retiring. This is the cohort of faculty born 
during the postwar baby boom era of the 1950s and 1960s, who 
joined expanding university faculties during the 1970s. “It was an 
‘unprecedented time of growth and hiring. And that means we have a 
very large bolus of faculty members moving up the age scale,” says 
UNC associate vice chancellor for research and economic develop- 
ment, Bob Lowmat 

Lowmanhas recently compiled a report for UNC's vice chancellor on 
the future of UNC's faculty, using statistics from the National Science 
Foundation as well as those of UNC. He wams that UNC will need to 
recruit “unprecedented numbers of newfaculty members at the same 
time as other American universities will be trying to do the same.” 

The problem of retiring faculty is compounded by a high propor- 
tion of temporary staff to tenured faculty, hired to do the “heavy 
work" on large interdisciplinary projects, ac- 
cording to Lowman. This means that despite a 
30 percent rise in faculty numbers over the past 
10 years, the number of tenure-track positions 
at UNC has dropped by 4 percent. The result is 
a “two-tiered system of faculty” in which fixed- 
term faculty have no right to tenure, and can 
continue for up to 20 years with their salaries 
dependent on grants. 

White this may be good for research, Lowman 
cautions that when the predicted mass retire- 
ment among faculty takes place, there may not 
be sufficient numbers of tenure-track faculty to 
replace them, and those on fixed-term contracts 
may go for tenure elsewhere. 

“There is concern among a lot of institutions 


American Associati 


wowwaauedu 


Brown University 
worw.brown.edu 


Department of Organismal Biology 
wwrw.oeb,harvard.edu 


Harvard University 
www harvard.edy 


‘Museum of Comparative Zoology 
Harvard University 
www harvard.edu 


STAR Program, UCLA 
wwvewestar.med.ucla.edu 


University of Kentucky 
College of Arts and Sciences 


in the demographics. We need to make sure they see advantages in 
retiring at a reasonable time. That's a challenge.” notes Biewener. 

University of California, Berkeley, where Berdahl was chancellor, 
tackles the problem by using special funds to promote early retire- 
‘ment among senior faculty, permitting them to continue doing re- 
search part time and some teaching. “The virtue for the institution 
is that it frees up some of the salary. This is becoming more common 
practice and encourages universities to hire junior faculty,” says Ber- 
dahl. He adds that recruitment of junior faculty is often preferred 
nowadays because it tends to be less expensive than recruiting sen- 
ior faculty ~ who “tend to bargain for more startup costs.” 

Other institutions are confident that they will remain successful 
even if competition intensifies in future, The UCLA Department of 
‘Medicine, for example, which has more than 600 faculty members 
working across two hospitals, in Westwood and Santa Monica, Cali- 
fornia, has seen its research funding grow from an annual turnover of 
‘$22 million in 1992 to more than $125 million this year. “We're con- 
tinually growing. We're so big and we recruit so much that [the aging. 
faculty work force) is not a significant issue for us. There won't be 
‘any vacancies,” says Alan Fogelman, director of the Specialty Train- 
ing and Advanced Research (STAR) program, and executive chair of 
the Department of Medicine. 

The STAR program ensures a smooth entry of highly qualified phy- 
sician-scientists into UCLA faculty, by offering tenure-track positions 
to selected medical school graduates in which they can undergo rig- 
‘orous scientific training at they same time as doing their clinical resi- 
dencies. enables graduates who would not otherwise have chosen 
this path to realize their interest in science at a later point. “Along. 
the way they get bitten by the science bug and want to doresearch.” 
says Fogelman, 

Since 1994 there have been 72 graduates from the program, 
awarded either Ph.D.s or Masters in clinical bioscience, with the 
majority choosing to remain in research. Half 
have gained positions as either clinical in- 
structors or assistant professors at UCLA, with 
the possibility of becoming fully tenured asso- 
ciate professors upon evaluation, while the re- 
‘mainder have gone on to successful positions 
all over the world, mostly in research, 


of Universities 


The European Perspective 
These initiatives are not occurring only in the 
United States. In the UK, for example, there 
also is an increasing recognition that the ca- 
reer paths of junior researchers need to be 
betterestablished, with more support for gain- 
ing tenure. The Academic Fellowships program 
run by Research Councils UK (the umbrella or 


about the aging of the faculty,” notes Berdahl anaskyeda ganization that disburses government funds of 
of the AAU. He points to the recent removal of seis aici eel £3 billion to university-based research) aims 
mandatory retirement at the age of 65 in the Chapel Hil to achieve this. The program, started in 2005, 
United States as an additional factor, encourag- wormunc.edu provides five years of funding to promising 


ing more workers to postpone retirement.A de- 
lay in retirement can impede the appointment 
of new junior faculty. At Harvard, “Senior sci- 
ence faculty tend not to retite—they stay on for 
as long as possible, and this creates a problem 
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University of Sheffield, UK 
\worw sheffield ac uk 


Universities UK 
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postdoctoral researchers and a guarantee of 
tenure. This can also include a six-month sab- 
batical to spend in a laboratory elsewhere. 
One recipient is Bram Snijders, originally 
from The Netherlands, who continued » 


Masdar Institute of Science and Technology, Abu Dhabi, UAE 
Professors 
Associate Professors 
Assistant Professors 


‘The Masdar Institute of Science and Technology (Masdar Institute), with the assistance and advice of the Massachusetts Institute 
of Technology (MIT), is being founded as a new and independent non-profit, tax-exempt research and educational institution 
(initially at the graduate level) dedicated to premier engineering research and education. The goal of the Institute is to develop, 
over a period of years, indigenous R&D capacity in Abu Dhabi, addressing issues of importance to the region in critical areas 
such as: renewable energy, sustainability, environment, water resources, and systems engineering and management, as well as 
to provide qualified men and women in the region with the opportunity to obtain graduate degrees in these technical fields. 


Job Responsibilities: Teach graduate courses, supervise master and doctoral students, develop a research program and seek 
external funding for such research, and participate in the Institute's service and outreach activities. 


Qualifications: The Masdar Institute is secking applicants for Professor, Associate Professor, and Assistant Professor in the 
ficlds of Water Resources and the Environment, Engincering Systems and Management, and Information Technology. Applicants 
should have a strong record of published research, experience in supervising graduate students, and relevant teaching experi- 
cence, The applicant must be fluent in English. An eared doctorate in the relevant field is required. Relevant non-academic 
work experience would be an advantage. 


Positions in Water Resources and the Environment: Faculty will provide rescarch leadership and educational activities to 
‘engineering and science students concerned about the future of water supply and use, as well as an understanding of environ- 
mental systems, Specialists from Civil, Environmental, Mechanical and Chemical Engineering are encouraged to apply, as 
Well as faculty from other disciplines such as Chemistry, Materials Science, Biological Engincering, Electrical Engincering, 
Biology, and Nanotechnology, whose advanced scientific work may have implications for water and the environment, even 
if they have not directly worked in the water and environmental area. Candidates specializing in the area of desalination and 
‘advanced water reuse in stich areas as polymer membranes, ceramic membranes, biological filtration and new oxidation tech- 
niques will be considered, as well as experts in environmental systems methods such as life cycle analysis and in environmental 
sciences focused on fate and transport of pollutants in the environment and the mitigation and remediation of the impacts of 
new water and environment technologies. 


Positions in Engineering Systems and Management: The Engineering Systems and Management program will provide 
intellectual research leadership and educational activities to students interested in applying a systems approach to the engi 
neering and management of renewable and sustainable energy technologies. The Institute is looking for candidates in one of 
the following areas: Operations Research (Stochastic Modeling, Optimization, Decision Science, Simulation), Operations 
Management (Manufacturing, Technology Innovation) and Industrial Economics (Industrial Organization, Technology Policy, 
Economic Development). 


Positions in Information Technology: Faculty candidates must be capable of teaching and conducting research in such IT 
areas as: Software Engineering; Information Processing for Engincering Systems; Database, Internet, and Systems Integration 
Technologies; Data Mining; Artificial Intelligence and Semantic Web: Communications and Connectivity among Information 
Systems; Information Management; Intelligent Systems; and Pervasive Computing, In addition, faculty are expected to effec~ 
tively collaborate with other faculty areas such as Water Resources and the Environment, Materials Science and Engineering, 
Mechanical Engineering and Engineering Systems and Management. 


Application Submittal Information: The Massachusetts Institute of Technology is assisting the Masdar Institute in the search. 
Initial screening of applications will begin immediately. Application deadline is October 30, 2007. Application materials 
should include your name, address, telephone numbers, curriculum vitae and what specific position you are applying for, your 
current position, a description of how your experience matches the position requirements, and e-mail contact information for 
three references. 


Materials should be submitted electronically as a MS Word attachment to: 
Dr. Russel Jones, President 
Masdar Institute of Science and Technology, Abu Dhabi, United Arab Emirates 
Co-Chair, Search Committee for Masdar Institute of Science and Technology 
e-mail: rjones@masdar.e 


Copy to: 
Dr. Fred Moavenzadeh, Co-Chair 
Search Committee for Masdar Institute of Science and Technology 
coTechnology and Development Program 
Massachusetts Institute of Technology 
‘e-mail: tdpmail@mit.edu 
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THREE TENURE-TRACK BIOLOGY FACULTY POSITIONS 


‘The Department of Biology at The Cotege af New Jersey (TENN ites ttancng opp ats tee tena wach faa 
postions, staring August 2008 Teaching and wseach are mutilysopportve aces at TON) Cancates sau be sony 
Eamonitedtothe teacher szhabr modelin a play unewadue recetal sutnn an maasnag Do Mg uy 
teacing and an ace and pnductve seach pragiom mvairg high mebeated ureaduates Fcuty members as sere 
Suacaderac advisors and have sence espansbares win te Calege A esearch burton and compete sao os 
Witbe proved The Bolgy Department sboured a made bogs bukdeg open Fa 2000 tat oer sate mt 
twacing an eseach aces an tuner. 

We sek road tained caridates wha also have pote 
‘holes wn the Sebo! of Slace and athe 
‘may nde rotator tough eer maps and nat 
ovr experience t peters 


toboanety comtabatew etacecptaay cones and 
se In ison tothe courses ted brow teacher eponsbies 
3 aduroy curses. Canes shuld hae aPhD. nd post 


* Genetics (Assistant Professor) 


Te teach core cours nywtcs and an upper evel cours) ln area of pei, Research any ae of goats 
willbe colder. 


Biology Education/Pedagogy (Assistant or Associate Professor) 
Te tach ardacianrstece eet eamenay teatn maj, tah cute ore belay mae 
beeping osecondary teacher ewes, teach an pe il oor In wea of wea, oad each ne 
{ir tay anesn/pecng, sa pve stern onergng mteroant vanec coveine toes 
aang sper. 
Tospyn 

ct rerch i 


sendaletter of pplication, current curricubim vita, statement of teaching philosophy, statement 
nd pols representative publications all graduate and undergraduate transcript, 
‘andthe eters of recommendation 0 
Fucity Search (date position, Department of Biology 
The Callege of New Jersey; PO Box 7718, Ewing, New Jersey 086280718, 
‘Allmatfals must be received as hart capes in postal ma. Revew of applications wil begin October 8, 2007. 
For turther information about our program, please vst Ntp://wwne ten u/~biology/ 


ay) The College of New Jersey 
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BOSTON 


UNIVERSITY 


MEDICAL 
AMPUSI 


Boston University School of Medicine 
welcomes applications forts departments 
& programs below at ranks of Insructor, 
Assistant & Asociate Professor, or 
Professor. Email a cover leter specifying 
your department o intrest rca with our 
Vw busmdcan@buedu, Boston 
University & an equal opportunity and 
alfrmative action employee 
Departments 
* Anatomy and Neurobiology 
* Biochemistry 
* Genetics and Genomics 
* Microbiology 
* Physiology and Biophysics 
+ Pharmacology & 
Experimental Therapeutics 
+ Pathology 
Interest areas: 
+ Immunology 
Structural, cell or cancer 
biology 
+ Neurosciences 


~) The 
DS pean 
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the cto Leroy © nonnaion wa rnc ater, ad on NCI dg Cnc 


CCeniey has lurched a moja research expansion. Faculy members, expecially hove with o focus 
In-conce, wil be recruited in he following eax 


* Computtiondl Bilogy/ Bioinformatics 
* Immunology/Hematology * Reproductive/ 
* Metabolic Disease Research Developmental Bilogy 


We encourage aplicatons fr pontors othe Auton, Asi ond fl Prfeir level. spec 
fom tom wit on ered in ntecicplrary and/or roratarl opps Cavdices thud Hove 
@PRD., MD. of VM, cd have congleed posdocera nig wih orecor of emarch 
ticelerce, ord they mt hee oblty b deve @ conpetve, ndeprderty hired teerch 
rogram tha takes cvortage fhe mouse oso gate mel or human dewlopmert ord due 
We oro unique scr reach envionmec. icing exclertcolcbratve opparuntes within 
cur lcity 37 penopd ivestqnars weporlled moun gram resources, xtording xe 
seeethe upper eves, highly tucethl pessoal ord predocerd rong pogroms. od 9 
oj scirthc meting cect, lnctng counes ard calererces cated on mouse models. 

For mere ilomaton, go: wor jag 

Appar ould senda curiam vite ard o cncie temest of esearch nares aed 

Fors, od orange hove hee ltrs of eerarce set oedyicbs Gjaxorg 

Review ofapglicahons wil begin in rwery of 2008, 


The Jackson Lcborotry isan EOE/AA employer. 
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The Jackson Laboratory, 600 Main Steet, Bar Harbor, Maine 04609 
www.jax.org 


Faculty Positions 
Department of Neurobiology 
Yale University School of Medicine 
New Haven, Connecticut 


The Department of Neurobiology at Yale 
University School of Medicine has recently 
expanded as part of its strategic plan and is 
‘currently seeking to recruit two new tenure 
track faculty postions at the assistant, associ 
ate, and professorlevels, We scek outstanding, 
Scientists with strong records of accomplish- 
‘ments in Neuroscience. We are particularly 
interested in applicants actively investigating 
forebrain function andor development using 
‘molecular, cellular, imaging, andlor electro- 
physiological techniques. 

Successful candidates are expected to develop 
significant independent externally funded 
research, havea strong commitment to gradu 
ate and medical education, and participate in 
interdsciplinary departmental training grant 
and research programs/centers. 

Interested applicants must have @ Ph.D. 
and/or M.D. degree as well as postdoctoral 
experience with a proven record of produc 
tivity. Submit curriculum vitae, statement of 
research interests, and names of three refer- 
ences by December 1, 2007 to: 

Pasko Rakic, M.D., Ph.D. 
(Chairman, Department of Neurobiology 
‘Yale University School of Medicine 
P.O. Box 208001 
New Haven, CT 06520-8001 


Yale isan Afirmative Action 
Equal Opportunity Employer 


‘came to the University of Sheffield in 2002 to do his Ph.D. in chemi- 
cal engineering before taking up a postdoctoral position in the same 
department. He had to impress RCUK with far longer term research 
plans than would be expected for a routine three-year postdoc, but 
the reward was worth it. 

“It is a good career path. | notice that a lot of my colleagues are 
worrying about what the next contract will be. It's easier for me to 
plan ahead for the future, in both my professional and my personal 
life. 'm trying to set up collaborations both within and outside the 
University of Sheffield.” 

Snijders will spend the first three years doing postdoctoral re- 
search funded largely by the Biotechnology and Biological Sciences 
Research Council (BBSRC), and then two years in transition, apply- 
ing for grants as an independent investigator and training in other 
skills including public outreach, before taking up his tenured post 
inwhich he will spend 50 percent of his time teaching. In contrast, 
he sees colleagues either leaving academia for industry or lowering 
their ambitions altogether by applying for technician posts, for the 
sake of a permanent job. 

‘Asin the United States, there are fears in the UK that “the current 
level of retirement is not being matched by new recruitment and re- 
tention within particular disciplines,” according to a report by RCUK. 
The UK research base is aging, with the proportion of academic staff 
aged over 50 increasing from 24 percent to 28 percent between the 
years 1999 and 2005. Certain disciplines fare worse than others, 
with more than 30 percent of mathematicians aged over 50. Added 
to this are concerns that overall academic staff numbers are declin- 
ing in some disciplines such as chemistry and engineering. Underly- 
ing the recruitment problem is the increasing attraction—especially 
for those in senior posts—of higher salaries in the private sector. 


Mission: Retention 

For universities on both sides of the Atlantic, recruitment of junior 
faculty is but the first hurdle. Then comes the challenge of retention, 
One initiative that is gaining in popularity for retaining junior faculty 
ismentoring. 

‘At Harvard, this is increasingly becoming a formal practice. “We're 
looking at better ways to mentor—such as through having shared 
discussions. Before now we viewed it as important but it was more 
informal. Now, having a more formal program means that we can 
evaluate how it should happen,” says Biewener, 

For Auguste, this has been an important activity. “I saw faculty 
who are pillars in their areas and | thought that they'd not want to 
feach out to me. But I've had some really generous offers. People 
were very open and willing to connect. | had not seen this for friends 
who are professors at other top universities,” says Auguste. 

‘Smaller universities too are developing new initiatives in order 
to boost their prospects for attracting and retaining more faculty. 
‘At Brown University, mentoring is one of several activities funded 
through a major grant of $3.3 million from the National Science 
Foundation under its nationwide ADVANCE program. The program is 
‘open to both men and women, but it is viewed as especially benefi- 

5 cial tothe retention of women scientists and engineers, who have 
traditionally felt less supported. 

“Smaller colleges tend to do more about faculty development. 

§ We're a small university but we're research intensive,” says Pamela 
§ O'Neil, associate provost for policy and planning at Brown, and prin- 
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L “Smaller colleges tend to do 
more faculty development” 


Pam O'Neil 


cipal investigator of the ADVANCE project. 

‘Mentoring is also proving useful at UNC for helping new faculty to 
adapt—especially those recruited from outside the traditional fields 
of a particular department. At the School of Pharmacy, for example, 
“Before, most faculty did residencies and graduate programmes in 
pharmacy. Now we're recruiting molecular biologists and chemical 
biologists, chemists or engineers,” says Bob Blouin, dean of the 
school. 

To help them overcome potential barriers of coming from outside 
the profession, the School of Pharmacy has introduced a junior fac- 
ulty mentoring program, now in its second year. “They find it a big 
attraction because they don't feel like they're in that all alone,” says 
Blouin. 


Plenty of Perks 

Junior faculty can also look forward to other kinds of support, such 
asparental leave and astopping of the “tenure clock” forthose start 
jing a family. This means that the time taken out to care for children 
is not included in the period over which junior faculty are evaluated 
for tenure. Two years ago, Princeton University and the University of 
Michigan became the first to offer this as an automatic right to any 
new parents. The trend is now spreading, and the same policy was 
adopted in June this year at the University of Kentucky. Already, the 
university is reaping rewards by attracting more women. 

“We advertised this policy a lot this year, and of the last 35 new 
faculty recruits, 16 were women—one of the highest [proportions] 
we've had for many years,” says Leonidas Bachas, associate dean 
for academic research in the University of Kentucky College of Arts 
and Sciences. 

New faculty can also look forward to a new emphasis on devel- 
‘oping their teaching as well as research skills. UNC sees this as an 
ion for teaching and training the 


region's future 

“Most of the public domain expects public universities to create 
manpower for new industries as communities transform from old to 
new economies,” says Blouin. 

Junior faculty have the enthusiasm that he believes is a key quality 
for teaching. 

“Some of our best scientists are often our best teachers. We want 
to give them aforum to share that with their students and show their 
passion for their work,” says Blouin. Although the additional sup- 
portand perks will help, it is essentially this passion that willturn to- 
day's junior faculty into tomorrow's professors, department heads, 
and deans. 

Julie Clayton, a freelance science writer and journalist, works out of 
Bristol, UK. 
10.1126/science. opms.0700038 
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YAUTMB 


The Univnity of Texas Medical Bach 


Faculty Position for Research 
in Parkinson's Disease 


‘The Department of Neurology at the Uni 
versity of Texas Medical Branch (UTMB) 
at Galveston, in partnership with the 
Geonge and Cynthia Mitchell Center for 
Neurodegenerative Diseases, is seeking a 
physician-scientist for a tenure-trac 

tlty position with the John Se 

Parkinson Disease Research. Candidates 
with clinical and/or basie science research 
interests in Parkinson's disease are specif 
cally sought, The center, directed by Dr 
Claudio Soto, provides a rich research 
‘environment linking basic neurobiological 
‘and translational aspects of neurodegen- 
‘erative diseases. The successful applicant 
will be appointed ata rank and salary com- 
mensurate with experience. The position 
offers an attractive start-up package that 
includes adequate research space, clinical 
research coordination supports, and access 
to state-of-the-art core facilities, 


Endowed Chair Position for 
Clinical Research in 
Alzheimer’s Disease 


‘The Department of Neurology at the 
University of Texas Medical Branch 
(UTMB) at Galveston, in partnership 
with the Mitchell Center for Neurode- 
generative Diseases, is secking a physi- 
ccian-scientist for a tenure-track faculty 
position responsible for clinical research, 
in Alzheimer’s disease. Candidates with 
both clinical research expertise and basic 
science research interests in Alzheimer’s 
disease are specifically sought. The Mitch- 
cll Center, directed by Dr. Claudio Soto, 
provides. rich research environment li 
ingbasic neurobiological and translational 
aspects of Alzheimer's disease and other 
neurodegenerative diseases. The success- 
ful applicant will be appointed at a rank 
and salary commensurate with experience 
and will be awarded the John Sealy Dis- 
inguished Chair for Clinical Research 
in Alzheimer’s Disease. The position 
offers an attractive start-up package that 
includes adequate research space, clinical 
research coordination supports, and access 
tostate-of-the-art core facilities. To apply, 
please send a C.V. and the names of four 
references to: 

‘Tetsuo Ashizawa, MD 
Professor and Chair 
Department of Neurology 
‘The University of Texas 
‘Medical Branch 
301 University Boulevard, 
Galveston, TX 77555-0539 
Email: teashiza@utmb.edu 


UTMB is an Equal Opportunity/ 
Affirmative Action University that proudly 
values diversity. Candidates of all ba 
‘grounds are encouraged to apply 


Baylor College of Medicine 


Tenure Track Faculty Position in 
Cognitive or Computational 
Neuroscience 


‘The Department of Neuroscience at Baylor College of Medicine is continuing a major 
expansion of its program in cognitive neuroscience. This initiative includes hiring six new 
faculty members, the provision of five interactive 3.0 Tesla {Rls dedicated exclusively to 
brain rescarch and the development of the Computational Psychiatry Unit for the quantita- 
tive study of human behavioral brain disorders. The facilities and collaborative environment 
offer a unique opportunity for the study of individual and group behaviors, access to large 
and diverse populations of human subjects, outstanding computational expertise, one of the 
nation’s leading programs in genetics and human genomics and a strong basic neuroscience 
research community. Candidates should have the Ph.D. and/or M.D. and postdoctoral training 
{nan appropriate field. Rescarch involving (MRI analysis of decision-making, social interac- 
tion or group dynamics utilizing computational and genomic approaches to study behavioral 
disorders is encouraged. Send curriculum vitae and statement of rescarch interests electroni- 
cally as a single PDF to: friedlan(@ bem.edu and have hard copies of at least three letters of 
reference sent to: Cognitive Position, Michael J. Friedlander, Ph.D., Professor and Chair, 
Department of Neuroscience and Director of Neuroscience Initiatives, Baylor College 
of Medicine, One Baylor Plaza, Suite S740A, Houston, TX, 77030 by October 25, 2007, 

Please visit our departmental website at http://neuro.bem.edu for more information, 


Tenure Track Faculty Position in 
Integrative Neuroscience 


‘The Department of Neuroscience at Baylor College of Medicine is recruiting a tenure track 
Assistant Professor who utilizes advanced tools to investigate information processing in the 
nervous system atthe cellular, network and/or organismal organization level. The successful 
candidate should have a Ph.D. and or M.D., postdoctoral experience and a record of accom 
plishment in the application of biophysical, imaging, computational and/or neurophy'siological 
approaches to integrative aspects of nervous system function and behavior, Candidates with 
interests in the information processing propertics of synapses or dendrites, neuronal-glial 
interactions, neuronal network dynamics or the neural basis of behavior are encouraged 
to apply. The Department of Neuroscience (http://neuro.bem.edu/) is undergoing a major 
expansion, building on strengths in ion channel and receptor function, cellular imaging, 
synaptic plasticity, neuronal and glial signaling, sensory processing, cognitive and computa- 
tional neuroscience. The position will provide a highly competitive allowance for laboratory 
start up support. Send curriculum vitae and statement of rescarch interests electronically as a 
single PDF to friedlanda bem.edu indicating Integrative Position on the email header. Have 
hhard copies of atleast three letters of reference sent to: Integrative Position, Michael J. 
Friedlander, Ph.D., Professor and Chair of Neuroscience and Director of Neuroseience 
Initiatives, Baylor College of Medicine, One Baylor Plaza, Suite S740A, Houston, TX, 
77030 by October 25, 2007. 


Tenure Track Neuroscience Faculty Position in Brain Aging 
‘Supported by the Cynthia and George Mitchell Endowed Fund 


Baylor College of Medicine is recruiting a tenure track Assistant or Associate Professor who 
utilizes tools of contemporary neurobiology to investigate fundamental mechanisms of brain 
aging including learning, memory and associated diseases such as Alzheimer’s, Candidates 
‘who use animal models to study brain aging and/or dementias and who have a record of 
accomplishment in the application of molecular biological, genctic, imaging, neurophysi- 
ological and/or behavioral approaches tothe study of the effects of aging on processes such 
as leaming and/or memory are encouraged to apply. Candidates should have a Ph.D. and/or 
M.D. and postdoctoral experience. The candidate will have their primary faculty appoint- 
‘ment in the Department of Neuroscience and be a member of the Mitchell Center for Brain 
Aging and Dementia and the Leaming and Memory Rescarch Center, with opportunities for 
affiliations with other departments and programs. The position will provide a competitive 
allowance for laboratory start up and ongoing support. Send curriculum vitae and statement 
of research interests electronically as a single PDF to friedlan@bem.edu indicating Brain 
Aging Position on the email header. Have hard copies of atleast three letters of reference sent 
to: Brain Aging Position, Michael J. Friedlander, Ph.D., Professor and Chair of Neurosci- 
ence and Director of Neuroscience Initiatives, Baylor College of Medicine, One Baylor 
Plaza, Suite S740A, Houston, TX, 77030 by October 25, 2007, Please visit the Department 
of Neuroscience website at: http://meuro.bem.edu. 


Baylor College of Medicine is an Equal Opportunity/Affrmative Action and 
Equal Access Employer. 
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FACULTY POSITION, ECOTOXICOLOGY 
Bren School, University of California, 
Santa Barbara 

The Donald Been School of Environmental Se 
coce snd Managers (websites bee // web 
chk) inter meer: bet ema 
SISTANT PROFESSOR positon, wo sar uy | 
2008. We seck a Scientist econoicology hone 
werk dearly sekvane fr enironmental pli oF 
tanaygement Applicane should pomess + Ph.D. or 
ive Compleed a requirements or the degree by 
the appointment date 

“The succes anaiate wll have interes in in 
veotigating the elles of chemical srewor on or 
tains in the comext of ecological stem and in 
Spribng scene rscinh to tae of erviranmerd 
‘management, We sek 3 pero wih 3 stg hack 
found and experience in cena studying ner 
Sion eyechanlan between sremors and Organs 
‘sng imovave method onli bok chem 
‘ing aml ecology 

“Tc ably ach both adanced cas ie PhD. 
seudens and courses on ecological eB of pl 
tants and ecological rah sscwtment Bar peofenonal 
Mater kevel students ie desirable. The candiare 
wil be expected to cry ow an oustanding resi 
Dreyran and to mentor PhD, and aster stadcas 

elec wil be pret candace whine ox 
tring aces of ephae wthn the choc, acheog 
Sorporse enirnieea management, ecg 
{aimbity, eeronmeral economic, permance for 
Sisainble development, and sonaindble management 
of wae rescue 

The Bren School is 3 graduate school proning 
rigorous, multdiplinary taining mn enigonmental 

nd management to Master ard PD. at 
ts The felt draw fom the natal scenes, 
‘gineering socal sciences, and management 
il applications te: Ecotnicnlogy Search Com- 
sitte, Donald Bren School of Environmental Se 
thee and Management, University of Calfoeni, 
Santa Harbors, CA 93106-5131; emai cconae@ 
iben-uebedut fx HOS-893.7612. 

Hlctronie submbsion ofthe sppicion 2 dn 
ake pala shih dere nl tu nid ca 
Feulum sae, nam of three references, a statement 
OF oh ier an adhing exec, ad 
‘epics of up to fie publications. Applicants shou 

range to have three letters of erence ema 
ihe Search Cornmitee. For fllest consideration, al 
nate should be recived by Nonember 20,2007, 
$hhough the posion wil ruin open unt filed 

The Uy of Cali as Eg Opn AB 
atid Empleo a tol apa 
tapi, dg made, women, apr 
hill The Sha eet hnroel Mada 
{eu cov the ee 


"The Department of Ecology, Evolution, and Or 
ganismal Iiology (EEOB) at Lowa Stare U 
seeks. 


‘amie Depirmnent of 30 faculty who use btegrative 
Spywoachs that bridge diplies and pun sip 
iets of bilogkal cypnizaon. Applicants muse 
hives Ph.D. ins idol scence, at are expected 
{i devel » naionally recopsizel research programy 
Sl siliaty ovaries se rad 
ite teaching: Felling the inrasions en web: 
i/o tabs st vcr 
ZEaRAAIRT Vike ind Tocarch and teaching sate 
iment a1 1 angle PDF fe not to exceod 1M plus 
Ap to thee rents a pu es, each not wo exeed 
That, by 19 coher $007 ce web 
www ecob fatal search haml for it 
Torsion 

In adion, arrange to have three kts of rex 
comimemltion sen by e-mal s PDE fe wo e-mail 
Searches@iastite.ed ISU saber downy and ie 
“ime Aco El nplopeet Openey Exper 
‘nth NSE ADVANCE fond ent se f 
‘mc ny nce al expen 
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FACULTY POSITION is TOXICOLOGY 
“The C. Engene Bennett Deparment of 
Chemisty at'Wor Vigiia Usiverity, ta 
Sippor of cipanding maltindplinny eons 
in biomedical, He, sed forensic scence, 
Step po ak ck 
can The Depurmeat seks applicres 
Sih carh tet the es fon 
og Appheants mst havea PhD. depree 
Pastoral experience spread fa jesse 
Shiites. Hscelence in teaching at the un 
<kgralune (inching Sra toncology) Sod 
galtute leds m especial, The sical 9p 
Flint wil indie anf dovdep.s spots 
fescach program wsing a competthe sarup 
Puckage and theaugh acquis of fds om 
ical sac such av dhe NSI, NIH, Dogue 
trent of Energy, and USDA. Ample clsiors 
Src oppor xt calyia Heakh Sere 
Sint Nation Insane for Occupational Say 
Son Health Apyians sould siboat curc 
im vise, a Jeerion of research plas de 
Sled stanup bute 4 Bot desrpton of 
teaching intrest, a arange fo the letters 
tf reconmenattn 0 Be sm tor Toxicology 
Faculty Search, Committee, Bonnett De 
partment of Chemisry, 1.0. Box 6045, 


Wes Vignia Univer, Morgantown, WV 
Bide Obes: Appicant cn tes beset 


seexived by Newember 15,2007 

Fpl Opp afm Ato 
Epp, Wey sol reed dat rd ae 
mead yh 


ASSISTANT/ASSOCIATE PROFESSOR 
University of Arkansas, Little Rock 
Plant Molecular Biology 
The Applied Science Department at the Univenity 
fof Avansas at Lite Rock san itenscpinary grad 
tate department in engincerig aa! sciences (website: 
hntp:/ /techoologize.uale.cdu/appliedscience/)- 
pe 
track Atsistant Profesor (job #385) in the area of 
plant molecular biology. Appointment at the Ass 
Sate Profesor level i posuble for candidates who 
hive an externally supported research program and 4 
subsantial publication record. Candites working 
in all areas ef plant molecular biology will be con 
sidered, Applications are pecially encouraed from 
‘ndiates who generate and integrate compuen data 
ochemicl, proteomic, and genomic Mui. 
‘The succesfil candidate mast establish 3 Vigorous 
indepensent research peegram support by external 
funding. We are particuaely interested i candidates 
‘who wil paripate in collaborative interdisepinary 
research, such 38 energy and environmental boc 
fences, bioengineering. oF biomateriah. Candidates 
imust havea Ph.D- in biology, biochemistry, molec 
lar biology, or a clnely rated discipline 
To apply, applicants should send an application 
lewer (pb #885), curiculum Vise, 4 atement of re 
search interests snd teaching philosophy, and nares 
hd contact information of three references 10: Fac 
tty Search Committce-Plant Molecular Biology, 


of Applicd Science, University of Ar 
kansas at Lithe Rock, AR 72204-1099. (Telephone 
501-369-8000; e-mail: ) Review 
‘of applications will begin November Z, 2007, and 


‘continue until the postion is filled. The Unirnsty of 
Anka at Like Rack ts an Egud Oppority, Aina 
Asn Employer and aoe ses the caddy of ims, 
ivomar ad penous with dials. Under Adaose la, 
sppliations ae suljes to dickeuwe. Pesoas el met hive 

pov of legal aig 80 work in the United Stas 
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CECANIS CEENISTE? 
ey 
‘University of Montana 

SeenON) te ere cee 

Regier ge ar ar erie 

ee ea En 

seeelictere eons toma 

Epo lel bpm emer npn 

eee are ee 

ee ee 
emielanp yeni 

pnpenrelingb ye ln etey ol 

Lelio din oUnrapppare Rre 

fe tp Serpe open Seong 

eeetecpaebten blend 
cae sere ee ee 
fees Coe eeate 

enemy ety, pst e-eal s 

errhp bere 

fee dea Ciena ae 
ray eg eel 

Celene tna hanna Ma Sh 

Applcsnes could weston far ace lens of ee 


se from our website: hep: //www.umt.edt, 
chemistry. The review Sr coon a ae oe fications will art or 
SER oor and somtnuc unl te poution 
js filed. UM! & aw Afientioe Action /Equal Opoamity 
Exploy/ADA and is eipiew of an NSE ADVANCE 


PACE award forwel on women it icowe, UM emomnt 
‘spans fn miners, Vian va tran, aa woe 


ASSISTANT/ASSOCIATE PROFESSOR of 
VHARMACOLOGY 
‘Univer of Southern Nevada 
allege of Pharmacy 

The Unter of Souther Neda, Herd 
es caren hs coe ning acne rh 
Ei'cine (UF em) Bcaly pout te a of 
Pharmacology. Raponaha ede tang, men 
ting anti prettng Unteyand cries 
Wy sate and arp nach enesvors. 

Tiss copotentes etl s WD. cer 
cnaoogy,Roadcora experienc prefered haw 
Se RD, green cee on 
Socio eciiows foot ne ersten oot 
favo al aed» dearth nw eae ad 
‘uation tiny, Evaencroftacard and emer 
fs of nats inaces ae esque, Slay 
seta il comment ih Suton 

‘epics dull abe Uae ten, ca 
skin oe, eicatend pslaophy serra 
thes eedrnca to Bak. Jor Ph.D, Eacley 
Recedomeme Comme, Univetny of Souther 
Nevada College of Piarmacys 11” Sunset W: 
Benleson, AV 8904, Email na 
Side Alina Ae ged Cpemnle 
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BIOLOGICAL SCIENCES SCHOLARS PROGRAM 
For Junior, Tenure-Track Faculty 


The University of Michigan announces recruitment for the Biological Sciences Scholars Program (BSSP) to. 
continue to enhance its investigational strengths in the life sciences research programs. 


Now entering its 11th year, this Program has led to the recruitment of outstanding young scientists in 
the areas of genetics, microbiology, immunology, virology, structural biology, pharmacology, biocheistry, 
molecular pharmacology, stem cell biology, physiology, cell and developmental biology, and the 
neuosciences. The Program seeks individuals with PhD, MD, or MD/PhD degrees, at least two years of 
postdoccoral research experience, and evidence of superlative scientific accomplishment and scholarly 
promise. Successful candidates will be expected to establish a vigorous, externally-funded research 
program, and to become leaders in departmental and program activities, including teaching at the medical, 


graduate, and/or undergraduate levels. Primary college and department afflation will be determined 


by the applicant's quali 


ications and by relevance of the applicant's research program to departmental 


initiatives and focus. All faculty recruited via the BSSP will be appointed at the Assistant Professor level. 


‘APPLICATION INSTRUCTIONS: Please apply to the Scholars Programs through the BSSP web site at: 
(http:/Awww.med.umich.edu/medschool/orgs/bssp). A curriculum vitae (including bibliography), a three- 


age research plan anNIHbiosketch, andthree oniginalletters of supportshouldallbesubmittedthrough the 
BSP website. MoreinformationabouttheScholars Programs, instructions for applicantsand thosesubmitting 
letters of recommendation, and how to contact us is located on the BSSP web site: (http://www.med.umic 

edu/medschool/orgs/bssp). The final deadline for applications is Friday, October 19,2007, S00 pmEDT. 


The University of Michigan is an Affirmative Action/Equal Opportunity Employer. 
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G.. savy Microbiology 


‘Central tt School of 
Florida Biomedical Scionces 
fecks outstanding 
rnicrobiologistswtilizing penctic, cellular, 
tmoleeular oc biochemical approaches. Suc: 
‘ssf applicant will be expecta to cxablish 
2 ll fund esearch program, and contabut 
the undergraduate and graduate 

levels Faculty at any rank wil be considered 
Exceptional candidates ean be considered for 
Froven's Research Excllence Protsorshipa 


and aceess to shared core isteumentation will 
be provided. BSL3 laboratories and animal 
facilities will be available. The University of 
‘Central Florida has over 44,000 students and an 


‘oustanding tcehnology-basinfastructure 
located in Orlando, a dynamic and progressive 
‘metropolitan region, a major playerin high-tech 
industy, adjacent t atop ranked research park 
and a great place to live and work, 


Review of candidates will begin on Novem 
ber 18, 2007, Please send a curriculum vitae, 
a two page summary of research plans and 
the names and contact information af these 
‘or mote referees to: Chair, 

(biomed mall.uefedu) 4000 C 

ida Bivd., HPATL, 335, University of Central 
Florida, Orlando, F1.32816-2360, 


The University of Central Florida isan Equal 
Opportunity, Equal Access. and Affirmative 
Action Employer. As a member of the Florida 
State University stem, all application 
‘materials and selection procedures are 
lable fr public review 


University of Maryland, 
College Park 
Chair, Department of Cell Biology 
and Molecular Genetics 


‘We seek a distinguished senior scientist with a vigorous research program and the broad v 
experience, and energy to lead a peti of major growth and expansion of the Department of Cell 
Biology and Molecular Genetics (CBMG). The expansion will include the reeruitment of new senior 
and junior faulty and the establishment of new facilities as part of an ambitious campus drive 
enhancement in the life sciences. CBMG isa vibrant, interactive and cohesive department, w 
research strengths in microbiology, immunology, plant biology, molecular genetics, genomics, cell 
and developmental biology and virology. The CBMG faculty includes prominent scientists in their 
respective feds with oustanding records in research, teaching and service. The escarch programs of 
the furure chair and new faculty appointees wil be located in spacious new laboratory facilities inthe 
recently opened Bioscience Research Building. The successful applicant willalso shar a leadership 
role in the development of one ot more ofthe ongoing CBMG and College of Chemical and Lite 
Sciences initiatives in comparative and functional genomics, signal transduction, gene expression, 
plant biology. and host-pathogen interactions. For more information about the department, the col- 
lege, andthe university. visit our web sit at wwww.ebmg.umd.edu 
Applicants should apply electronically by emailing an application leter with the following attach 
‘ments in PDF format: (1) curriculum Vitae, 2) statement of research interests, (3) statement of. 
demic vision and administrative experience, and (4) names and addresses of atleast four references 
to CLFS-CBMG Chairf@umdedu, Review of credentials is ongoing and will continue until the 
position is filled. 
‘The University of Maryland, College Park is the flagship campus of the University System of 
Maryland and one of the most rapidly advancing public research universities in the country. 
Close proximity to Washington, Baltimore, and the Maryland Biotechnology Corridor facilitates, 
interactions with an extraordinary range of major research institutions, including the NIH, 
FDA, Smithsonian Institution, and USDA. 

The University of Marsland isan Equal Opportunity Afirmative Action Employer: 

Minorities and women ar encouraged to appl 
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ECOLOGY 
Loyola Marymount Univeriey 

‘The Deparment of Wilogy seca» bros 
tested ECOLOGIST. fora tenure tack postion 
tthe rank of ASSISTANT PROFESSOR. The 
Sccoufl candida will powes 4 PhD. in Wology, 
tonany, aoology or equivalent pis strong interest 
‘nl capably in lorenedfesesech and seach 
ing. Teaching responbiftes Incale lower dison 
Celis, apper dtm cores ecology ad inthe 
Candidates area of speciation, and ® senior leva 

"The succewflcandiate must develop an active 
escarch progr wbich involves undergraduates 
Univeriy and: Department serie ad scholarly 
publication are reed 

Loyola, Macymount University, established in 
19t1y is the ‘nly TewitUnivenicy i southern 
alien Over 6,000 silent are enrolled in he 

legs of Liberal arts, Businos. Adminstration, 
ence and Enginecring. Conmmanicain and Fine 
Arty the Schools of Educition and’ Fils and 
Tadction, and the Law School, The campus 
situated on bd overiooking the Pade Ocesn and 
Ui Angele wen side an oe mines to hala 
diy’s wave to beach’ dune, mountain, chaparral 
‘kter, welands, maine, and” California Channel 
sand Communives. The Deparment abo ma 
{ain Gologeal sation in Bas C 

The Buoy Deparment has 12 faulty dedi 
to undergratuate teaching and rsa and wel 
emiescanlates who desire wo workin tac a 
frvinment, Facey ae abo engaged in intr 
‘Tscpinary efor in several aren including bio 
tnathemaics and. environmental studies. of the 
‘eat Ballona Wetlands the Ecologies putcpa 
tion woud be wel The Deparment owt 
lina renovated scence ull, Which includes fa 
Chie pt ppg etl oy 

Toners iovuas should sen eter of ap 
caion culm vine, arch and textlag Te 
iene” gaduate vaca, selec publetions sad 
three iter of rerence by November 1, 2007, 
Heology Search Commitee, Departnent of Blaogy 
Loyols Marynoune Universky, 1 LMU. Dee 
M.S. 4220, Lon Angele, CA 90045-2689. For ad 
{cepone 310: 398°5130, (Vist neat: bap) 
teleptione: 10: at etnies 
‘wow. ima.cdu for more information.) 

Taio Seow, «capcom wiry bn te 
sata of motes “Cate bir ‘laut, els 
pfu oti apa yr mon 
Indie A stm emcee, te econ 
‘fie ile posy, athe dg of oe ce LATO 

ty to st eng 1 oma at 
mint tommy. Ween ae wrist 
cael ph 


FACULTY POSITION at the 
UNIVERSITY of PUERTO ICO 
The Department of Biolog of the University of 
Ha Kat fo Pie (we: 
Spespads) indies alietoer Bera eeresee 
Ss satematien/biodvenity /macroecology 
The candidate expected to curse and improve 
the vodogial clecion ad to implement nears 
‘itsase programs (recarch iter in ivertcbrates 
Sal strong. cllecns management and cirtodal 
ickgsound are devable)” Apphicnts must hold a 
Pi. or equflent and base postdoctoral expe 
ce. The candidate i expecta to develop am ative 
esearch peogram and to tach a the grace abd 
Undergraduate lev, Imerested persons should send 
"ume Nate of cure an are wcrc 
inl teaching goals, representative pullicions a 
three eer of refrcnce to: De. James Ackerman, 
P.O. Box 23360, UPH Seaton, San Juan, PR 00931 
53360 or email ackerman.y com. App 
‘ations wl hereto 72007, 
the position ied. Unie of Pe Rl a Equal 
pw Empl 
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UNIVERSITY 
TENNESSEE UF 


HEALTH SCIENCE CENTER 
‘TENURE-TRACK FACULTY POSITIONS 


‘The ‘Of Molecular Scicnces 
College of Medicine, University of Tennessee 
Health Science Center, Memphis 


The Univenity of Temence Heath Science 
Center Depatencnr of Mokeular Sciences seks 
tea fil. tne tenor track Gculy atthe JUNIOR 
for SENIOR keel wid basco trasational scarce 
Srpatence tmexgating sport of molceular pat 
see cits cc ncn ei 
Ineo and select ages, genet of host 
ies an animal ane 
‘panda strong iterdsciphnary group of base 
Shi cinial sioner ax we enews nitions re 
search program lnm orcompunvide cic and 
Tasulol roca propo and new Regional 
ocoeranmcor Laboruony. Core campos retarves 
inchude cxtenive mouse genomics and nore, 
Molecebar Resource Comet ol manufacturing ea 
‘ee fits, and BSI 3 sat fr high throughput 
Screening, atl anil imaging and wicrencepy. Ad 
junceappormee the appeopeiate cael Sepa 


foto 


tents and collaboration with the V-A. Hostal and 
St. Jude Children’s Research Hospital are’ encour 
aged. Applicants mast hive a Ph.D., M.D., oF 


BY "wah an cabled spuadon in ome of 
the abowe areas of research. by 

Seceaiul candace will be responsible for 
developing and maintaining an extamraly finde, 
indspendent recarch program and contribute 10 
fraduue and profesional staleat teaching. Incr. 
Sted applicant shoul sed slater of terest, bit 
‘Secriptton of raearch accomplstnets sor sume 
Imary ef ftare research plans and cueiculum ae, 
and range to have thee ltr of reference en 
De. Lorraine Albritton, Char of the Search Com: 
mines, Deparment of Molecular Sciences, The 
Universey of Teenenee Health Sctnce Centr, 
ASH Madison Avenuc, Memphis, TN 38163, 
‘mall flbeer@umt cd, Review of apptictions 
‘rt begin mend ant conan une al pont 
Sneed. Fr adic infra sce webale: 

Ip: fnew: atmemedu/ molecular sciences Ti 
Tani Tomane tas pad Cyectan fears 
Ainou/Fale V1/Tule IX/Strten S0¢/ADASADEA 
atop. Woon ad dant oe rong @ a. 


FACULTY POSITION in PHYSIOLOGY and 
NEUROBIOLOGY 

The Department of Physiogy and Neurobiol 
at the Unirsaty of Connection, Stor, lies 7 
Plcations fora tenure-track facuky position able 

“all 2008, x the ASSISTANT or ASSOCIATE 
PROFESSOR le The suet nda wl 

‘expected to maintain an ot and Vi 
‘rou research program and puripate in the De 
fartment’s graduate and: undergraduate teaching. 
Weencourae apitcatons fers india ead 
fundamental phyilogicl or neural proces atthe 
tmolecular, celular, or stems level. Special cork 
cation will be given 40 thone emphasizing, ment 
brane biology: Appicane: maut posse a HD. ard 
have completed ot last two jears of pomdoctoral 
training, Candidates foe Associate, Professor are 
fxpeced to fave a curently funded and active 
Scrch program. Reviw of candalates wil Bogin On 
October 1.2007, and the search will connate watt 
the postion is flicd- Send curiculum wits, 4 bot 
summary of current research with 3 statement of 
research directions, 3 statement of teaching interes, 
Sod the names of a lest thece references to: Chair, 
PNB Scarch Committee, Univesity of Connect 

‘it, Department of Physiology and Neurobilogy, 

ox U-8156, 75 North Eagleide Road, Storms, CE 
06269.3156. Website: brep://wrwre-pnb.scoan. 
Pt 


FISH PHYSIOLOGY/AQUACULTURE 

The Souter, Mins Unneity Carbon 
Deparment of Zoology instr 4ppkcations for 3 
Teinorhy scroretrack ASSISTANT. PROFES: 
SOR postion at fh plosclog /aquictare vith 
35 pocene rocarch & the Feber and. Hint 
‘Aguscultre Gener and 25 peers teaching in to 
Gite. The Deparment seeks» phyclogscaly 
cridnied AQUACULTURIST wah experienc 
ah fafa ot pepiowl nportance, eperrere/ 
Spstaiy in corsceenone poyaclony oP Sah we 
‘co has potental/montaion to ean 3 recon 

cca re dt ato ek 
Stes prominent penonal resech program within 4 
‘ational recoptsad fabrics cence the mace 
Candidate will’complement exiting srengr 
Saussure, fh al aquatic cooogy: fh crc, 
thcncsensnagement, sic tateolgy, and ich 
thyobog. Applets shoud have demorstaed sls 
in eapeincoel deaign ad asta anf 
Modern research fais and startup finds ae 
aise 

Tie occenfed caidte will be eipecte co 
devdop an externally funded esearch progr, 
Supertic MS. and PheD- salen, ahd seach 
Carironmental physiology fh and” compare 
trvlocinslogy ‘or another undengrteate an/. 
‘padkate comme in h/her spel 

‘Candidats mam Reve 2 Ph.D. tn an appropiate 
fd wit a recor of per revicwed pubes sod 
cio acompkiments commensurate with cx 
Fetcncy and demonstrated pant wore or rong 
Gidcce of fanding porentls Preference wil fe 
jSren to applicants with poxtdoctord teaching and 
fear etperience and membentip inthe Amer 
Can Fishers Society anor the Wold Asuacultie 
Sey 

Applicants should send curriculum vitae, 
amon of teaching and excrch interens and plans, 
copie of transrps from all aun aeded, 
teprecettve rein and hive four later of 
tlacece sot tar De, Christopher C. Kober, 
Fs td iat Aguas Coner Mal 
foe 6511, 1125 Lincoln Drive Southern Il 
fois University Carbondale, Carbondale, I 

Z rs 

Geter 2007 and continue unt the este i 
fied. Information about the Depruent, Univer 
tye and Center can be found at webster: 


wiew.science.siu.edu/zoology, ht heries. 
SE Pa nu (hot applications) shwul 


Berdintied to the Search Committee Chale 


(e-mail: chobler@siu.edu). 
SIUC iran flan rio pus! Oppoiey Fanon 


har sve 8 cha any 1 dey a dive fay an 
ff ant ree spot se 4 ve stale pp 
ate. AN apc te eked and enone and il 
tee wad 


FACULTY POSITIONS in BIOLOGY 
“The Scripps Research Institute (TSRI) 
La Jolla, California 

As pat of a new research initiative at the Seripps 
Research Institute, We are seeking outstanding ap 
ficants for multiple tenure-track/tenured faculty 
Batons athe ASSISTANT OR ASSOCIATE 

PROFESSOR levels, Applicants in all areas of bi 
ology will be considered 

‘Applicants should conduct innovative basic re 
search that has the potential to contribute to trans 
Lntional medical research, and have demonstrated 
potential to be a leader in thei field. 

‘Applicants should send their curriculum vitae, a 
brief statement of research interests, and three letters 
‘of reference by November 1, 2007, tr 

“The Scripps Research Institute Faculty Search 
‘Committee 
/o Marisol Chacon 
‘The Scripps Rescarch Institute 
10550 N. Torrey Pines Road, ICND222 
La Jolla, CA 92037 


aww. sciencecareers.org 


Founding Faculty: Master Teachers and Researchers 
Assistant Professors — Associate Professors — Full Professors 


‘TheCommonwealth Medical College, anew independent medical school in Pennsylvaniaissearching fora founding basic science faculty 
who want topractice state of the at teaching and engage inresearch in a collaborative setting. This isa chance for faculty tohelp shape the 
future of a new, innovative model of medical education. The Commonwealth Medical College will train in a community based, distributive 
‘model working with clinical faculty throughout northcentral and northeastemnPennsylvania, linked by tateofthearttechnology. Wearein the 
accreditation process with LCME and the Pennsylvania Department of Education and hope to accept our first class in 2009. Weare funded 
by state dollars and a generous grant from Blue Cross of Northeastern Pennsylvania. The school enjoys tremendous regional support for its 
‘mission of education, research and service and has developed relationships with outstanding local colleges, universities, hospitals and 
physicians to create @ new model of medical education. 

We are looking for exceptional faculty in pathology and all basic science areas ~ biochemistry, physiology, microbiology, and 
anatomy, who are passionate about teaching and research, interested in mentoring students, and want to participate in an interdisciplinary, 
collaborative model. We are also seeking faculty who want to build something new, who are comfortable with technology and new 
teaching methods. 

We areinterested in scientists who want togrow and develop their research in anew academic model. Our initial interests arein genomics, 
pharmacogenomics, pharmokinetics (PK) and pharmacodynamics(PD) thatarerelevanttocancerandepidemiologicallyimportantinfections 
anddiseases. We are also interested in developinga clinicalresearch center model that would involve community physicians and hospitals 
andconductingpopulation basedstudiesrelated tothe health needsof thearea. Cancer, diabetes, andheart disease are theleadingissues of 
concern, but other areas of expertise are also welcomed. 

This is a wonderful opportunity to create something innovative and important and have a significant impact on the future of a new 
‘medical school, Unlimited opportunities for growth, both professionally and personally, exist within this collaborative environment. 
We will be developing curriculum, as well as new facilities, with faculty input. 

Please submit your curriculum vitae to: Robert M. D’Alessandri, MD, Dean, The Commonwealth Medical College, 150 North 
Washington Avenue, Scranton, PA 18503 or electronically to RMD@nepamedc.org. 


thecommonwealthmedi 


com | The link to the Dean's blog is newmedicalschool. blogspot.com 


“Ins seas eropeses ain evlogmet pbs. ate east Segve rating sthrty rm the Potton Department of Even, 


‘COLUMBIA UNIVERSITY MEDICAL CENTER 
Faculty Position 
Department of Genetics and Development 


‘The Department of Genetics and Development at 
Coluntia Universty Medical Center is expanding ts 
{acuty and seeks outstanding appicans wih he abil 
ty to develop an independent research program 
for a lenure-rack poston atthe Aint Proteszor 
‘evel In special circumstances, applicants at the 
Associate Professor lovel may also be considered. 
Aopleants research program should rey on genetic 
and molecular approaches to sity, in vertebrates or 
‘vertebrates, any questions relevant to human devel 
‘pment, physio, andthe bass of degenerative 
‘eases. Ou department spans a broad range atinierests 
Including developmental bilogy, physiology. DNA 
‘recombination, cancer gets, and human genetics 
‘Aoplicants shout inte a curicdam vita and a sum- 
‘mary of curent and proposed research programs and 
arrange for twee leters of retrence to be sent 
‘Completed applications and letters of reterence should 
‘be sent electronical to: 


Genetics Search Commitee 
‘Ain: Cola Merales 
2020@edumbia. ety 


Consideration fr completed aplication wi begin 
(etober 12,2007 


Columbia Unversity san equal appar 
_aftematve acton employer Women and mnaites 
are encourage to apoly. 


Tenure-track faculty positions in 
‘Systems Biology and Translational Medicine 
State of Texas funded tenure-track postions at the Assistant and Associate Professor level are aail- 
able in areas: 
‘Systems biology, analy sof gene and signaling networks, bioinformatics and computational biology, 
genomics, proteomics. 
Regenerative medicine, evclopenenal biology, stm cll biology, sue engineering, organogenesis. 
limaging at molecular, cellar and onganistal level 
Gene therapy, targeted delivery of oligonucleotides, proteins or pharmaceutical agents to secitic 
call, nanotechcogy. 
“Molecular basis of ion channel function, patch clamping, optical recording of ion channel activity 
mutant channel proteins. 


New faculty will instruct medical and/or graduate students and will be active in predoctoral and post- 


doctoral training. Competitive salary and generous start-up packages are available 


‘The Department of Systems Biology and Translational Medicine in the College of Medicine consists 
Of IS faculty members and embraces the convergence of human biology and the quantitative sci- 
ences, including engincesing, mathematics, physics and computer science. A primary focus of the 
{department is onthe cardiovascular system, from the molecular to organismal levels of organization. 
However, individuals with expertise in other organ systems or cell types are strongly encouraged to 
apply. Departmental core facilities include: microarray, imaging (confocal and atomic force), and 
bioinfomnatics/computational biology. Campus cores include: proteomics, cell sorting and analysis, 
laset capture microdissection and whole animal imaging. Interactions with clinical researchers are 
possible through Seott & White Clinic and Central Texas Veterans Health Center, the major teaching 
hospitals ofthe Texas A&M Health Science Center. The department participates inthe multidisciplinary 
Medical Sciences graduate program and is active in postdoctoral training. The College of Medicine 
is entering a rapid growth phase due to expansion of the medical class, and the department expects to 
recruit a substantial number of new faculty members in the next 3 years 

Send CY, statement of research, training and teaching goals, and a list of at least 3 references to 
_grangeria tamu.edu or Harris J. Granger, PhD, Department of Systems Biology & Translational 
‘Medicine, College of Medicine, Texas A&M Health Science Center, 702 SW HK Dodgen Loop, 
“Temple, Texas 76504-7108. 
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‘PARASITOLOGY 

Southem linois University Carbondale (SIUC), 
the College of Seience socks an outstanding Scientist 
inthe yer aea of parstoloey w complet a seach 
slur in puthogeney/partolgy/peeniobygs 
43s-an ongoing part of SIUC's commitment to en 
Trance interdisciphnary research (website: Beep: // 
snews.siu.cdu/s1.30/). Southera Minos Universty 
(Cbonate «1 brge, public, comprehensive esearch 
inmensie university sithatad in 2 pleant small 10mm 
setting wouthease oF St Lexis 

“The Depirument of Zoology at SIUC invites ap 
plications fora tenure-track position as an ASSIST- 
ANT PROFESSOR with a star date of August 16, 
2008, Applicants must hold a Ph.D. oF other ap 
propriate doctoral degree and have a rexord of 
Felevant postdoctoral research trairing bythe time 

‘appointment. ‘The applicant must also have an 
fxtcrnally funded rexearth peoggam or the potential 
Tedveloping one a wll giant end of 
peer reviewed publications 

The saccessal candidate will enhance and com 
plement existing programmatic strengas inthe areas 

cology, eavronmental biology, conservation, 
ndiversty, and evolutionary biology with 3 basic 


hhost de 
ology, biogeagraph 
sponses to environmental Factors, oF development 
(OF methods and agents to combat parasives, Moxiern 
research fixilities and starup funds are available, The 
successful applicant is expected to teach an intro 
ductory parasitology course, help teach animal 
diversity, and a graduate-level coune dependent 
spon th livia’ expense wad progade nerd 
Department of Zoology, with a faculty of 25, 
afer 8.8. MS. an Dees (web: /7 
www.scienceasi 


Slee of eeskcnions wil began 
et 18, 2007, and continue until the penitions 
are filled, Applicants should submie curriculums vita, 
Teaching and research interests, and 
the names and addresses of at lease three references 
to: Parasitology Search Committee Chair, De- 
rartment of Zoology, Mailcode 6501, 1125 
coln Drive, Southern Iino Universiey Car 
zoology siv.cd. = 
SIUC ts an Affirmative Action /Egual Oppocranty 
Employer that strives 1 devdop a vere facaey snd staf 
sand lnceae potenti 10 see diverse student 
popntaton. A aptons ae encoagad and tel wscoe 
‘mera. 


BIOLOGIST /BIOINFORMATICS/PROTEIN 
STRUCTURE 

‘The Depunment of Higa Senos at Mange 
Laie ne taal ASSISTANT PROVES- 
SOR jostion svat August 16, 2008. Apicants 
rst have a PRD, with poxdoctorl capeience 
The aiccenfl eantidate in expected develop a 
rant fused esearch progam that wil com 
plement esting ares of rescue within the De 
Pantmcnt (website: hetpe/ biology marquette. 
Say petees ot be ther eerie oe 
Taine provide eaperiae in bienfoematis, ge 
Somes of pron stuctre that enhance ong 
programs copa wide. Teaching esponiblies ia 
Eile an itrluctory biology cau for uadenged 
tte isn anaes the ends 
il the poston filed. Candits should app 
Sine tel 27 eaters marguete 
applica Cent guisk Find 61073 Span 
atch and teaching intern. Thee reference eters 
Seto besent to: De: Robere Bits, Chair, Depart 
iment of Biological Scences, Marguctte Univer 
Sigg, WLS 112 P.O, Box 1881, Milwaukee, WI 
55201-1881. 
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FACULTY POSITIONS 


WISCONSIN 


FACULTY POSITION 
‘Neus a 


soplasticity 
Univenity of Wisconsin, Madison 
The Cemter foe Neuroscience a the Univenity of 
Wisconsin, Madison, is seching 1 NEUROSCIEN- 
‘TIST intcrested developing, an intendisipinary 
rocarch program dedicated vo newropitiy with 
special emphann on newropharmaccsy for 3 tenure 
tack JUNIOR or SENIOR FACULTY joniton. 
‘Areas of interest inca, but are oor limite to, par 
tmacology, symaptic plsiay, and molecular and cel 
luk mechanisms of learaing and memory. Research 
programs investigating phenomena ara mechaniso™ 
Df plasticity a all ves oF bloga onganiation i 
‘luaing clinical appbcations will he comadered. These 
faculty pertions are part of the neuroscience sitive 
at the University of Wisconsin, Madson (sce website: 
jew ncuronsence wie.) 
aprate credentials may be PRD. and /oe MD, 
for qqunilent degree, with responsibilities including 
rocarch, teaching. and viher athises commensurate 
‘sth background and expense The sucesful can 
‘kw shoud have a reed of owstanfing recach 
schcsend and he ote ts de 2 sing 
independent rocarch peogeam. Please submit cumcw 
thi tac, summary of rearch peogrars gal, three 
tore recent pubbcatiens and thee tier of erence 
ectrorsly tr 
"Thomas Surula 
Search Committee Chair 
Director, Center for Neuroscience 
E-mail: sutula@neurology.wisciedu 
Amold E. Ruobo 


st of Pharmacology 
E-mail: aeruoho@ wisc.cdu 


DEVELOPMENTAL BIOLOGIST 
The Biology Deparment of Albion College 
announces a search for a tenure track Develo 
tal Biologist a the rank of ASSISTANT PROFES- 
SOR, to begin in August 2008. A Ph.D. is required. 
College teaching experience and a demonstrated 
record of scholarship are preferred, ‘The succesful 
‘candidate will be expected to teach a majors couse 
in developmental biology and develop a course ie bis 
‘or her area of eapertise. The candidate also will share 
responuiities in an introductory cell and molecular 
Dey course. A research agenda that incorporates 
indergraduste students i eapected. Facilities in 
‘dude a new, well equipped, interdscipnary scence 
complex, suite of the art molecular biology equip 
tment, 2 wide array of teaching and research grade 
microscopes, and controlled-environment chambers. 
Albion College is a selective, liberal ars college of 
1,900 students located in a diverse community of 
9/000 people in south central Michigan, within an 
hhour’s deve of three major universities, Sce website: 


jer lbion.2do/bislogy/ fir futher a 
Se eg 
inurumersation and resources Send leer of app 
‘Stn, statements on teaching and rosearch interes, 
‘Simeulue itae, graduate and unengadiate tran 
Scrip, eccent repens, aad three er of rece 
{ckerons copies aot acest) to: Dr. Rath B- 
Schmitter, Biology ct, Albion College, 
Albion, AL 49254-1881. The deailine for cams 
‘ited splices & Oct 13,2007. tae Cae 
a ped Cppeamty npr cme ety as 


‘ove toe abe 


ASSISTANT PROFESSORSHIPS in SIOLOGY 
Westera Washingson University 

The Biology Department at Water Washington 

io 


ives, 2 regional comprehensive unser 
cated baron Seale and Vancouver, But C 
ies, instes appcaions for three Tenure ack, 
ASSISTANT PROFESSOR poston, egiing 
Scprember 2008. We sek india comited to 
tialergraduate and M.S clacton who wil eablsh 
‘igor research programs that ivolve ausent. 
EUKARYOTIC CELLULAR MOLECULAR 
BIOLOGIST: 1D. aid ponaorl epson 
in cukanonk cellular and molecular biology te 
gute Arla mut pie ere Of he 
ity to teach introductory and advanest couse in 
cal logy or get a nc Pos 
techniques, We are interested in applicants with ex 
Dene kainic nomena: tee olla teh 
Sho use molecular and/or genetic methods to 
dren fundamental research questions, Review 
igure November 1 2007 
ECOLOGICAL GENETICIST; MD. and pox 
doctral expeence in geet, ecology, or evo 
tionary bislogy requiced, Applicanes fous have 
teaming coe pect int prove dene 
the ably wo teach upper level cburnes in genera 
fncticr al cvoluionay biology Applicant wh 
Ste broadly rained with expertise quan 
inci and/or genomics an with strong sata 
Sik sre of particular interest, Review eins 
Ocoee 22,2 
NEUROBIOLOGIST 1h, an mor 
caperence in neurobiology required. Applicant 
tio can coneibune 4 toleclat and cela ap 
Foch tan cmerging beara acces 
parame of particular interes. "The pica 
fmunt provide evidence of the ability to teach 
rod ysiology” and. advance 
ounet in neurobiology and to cell biology or 
overnber 1, 2007, See fll 


letters of reference. All materials shoal be sent 10 
the attention of Dr. Jeffrey Young, Chair: Eu 
karyotic Cellular Molecular Biology Search Com- 
mittee; Dr. Merrill Peterson, Chair, Bcological 
Genetics Search Committee; Dr, David Leaf, 
Chair: Neurobiology Search Committee; Biology 
Deparment, Western Washington University, 
516 High Street, Bellingham, WA 9822591 
Aiematine Acion al Opyertmity Employ, 


‘TENURE-TRACK FACULTY POSITION 
Biochemistry 

The Deparment of Chemitry and Bochemty 

at the Unversity of San Diego (website: heap: 
Sememmmageie/amciety) ar epee 
“itholic university, tavites applications for an open 

rank tenure-track ponition in biochemist 

‘ing fll 2008, The Department is housed in a new 
150,000 square foot interdisciplinary science facility 
baasting over $3 million in new instrumentation and 
equipment, including 400 and 500 megahertz nuclear 
bmaynetic esonanace spectrometers, The sccesstil 
candidate wil have acommitment to undergraduate 
tcducation; have the ability to teach 4 range of un 
ergraduate level courses including biochemistry 
(lecture and Laboratory), general chemistry, and spe 
alized cours; and 1 etaish a vigorous under 
ity 


iy of San 
Diego, 5998 Alla Park, San Diego, CA'92110. 
Applications mst be received ty October 15, 2007, 
far fil consideration. USD ts ay Equa Opprtnty 
Employ. 


aww. sciencecareers.org 


ASSISTANT PROFESSOR IN COMPUTATIONAL BIOLOGY #1164S 


‘The University of California, Berkeley invites applications for a postion in the area of Computational Biology atthe assistant (tenure tack) profes 
sor level starting July 1, 2008, The University has committed to establishing Berkeley as a premicr institution for education, training and research in 
Computational Biology, with extensive research activities, full integration between multiple UC campuses through QB3, and relevant programs at the 
Lawrence Berkeley National Laboratory (LBNL) and the Joint Genome Insitute (JGI). This position is associated withthe Center for Computational 
Biology, which inclles computational scientists across the fll spectrum of the mathematical, physical, engineering and biological sciences, creating 
an exceptional environment for both research and education in this rapidly growing fckd. The focus ofthis position isn the physical sciences, and the 
holder ofthe position wil havea primary appoinuncat in an academic department appropriate to his oF her ierests. 


Applicants should have a research focus in the broad arca of Computational Biology and hold (or be about to receive) a dectoral degree or equivalent in 
‘quantitative field. The scope of the position includes innovative approaches to major problems in computational biology using physical, chemical, or 
engineering principles. Specialized areas may include, but are not limited t: 

*+ Protein structure and function, ligand and protein design 

* Protein complexes, molecular machines, cellular modeling 

+ Multiscale biological modeling, molecular mechanics and dynamics 


‘We seek individuals with demonstrated excellence in research, and the potential for excellence in teaching and leadership. Successful applicants will 
be expected fo establish a pre-eminent research and educational program, and develop and teach courses in appropriate areas of the computational sci- 
ences 


Applicants should send curriculum vitae a selection of publication eprint (five or Iss) and a brief statement of research plans and teaching interests, 
highly prefered to be sent electronically, in pf format, to the email address below. The applicant should also arange for three letters of reference 19 
ute by December 1, 2007, to the same email address below. Please refer potential reviewers to the UC Berkeley Statement of Confidentiality found 
at; htp://apo.chance.berkeley.edu/evallr htm 


chi@berkeley.edu (clectronic/paf submissions strongly preferred) 


(Chair, Computational Biology Search Committee 
Center for Computational Biology 1164S 
University of California, Berkeley 
304 Stanley Hall #3220 
Berkeley, CA 94720-3220 


All applications must be complete by December 1, 2007 for consideration in this year’s recruitment cycle. 
The University of California is an Equal Opportunity/Affirmative Action Employer. 


‘Tenure Track Faculty Position: 
Environmental Biologist 
McDaniel College invites applications for 
‘tenure track appointment at the Assistant 
Professor level in Environmental Biology, 

to begin Fall, 2008, 
courses in Ecology, 
Botany and Population Biology, as well as 
participation in freshman courses and senior 
esearch projects. Applicants must be willing 
participate in the College's First Year Sminat 
tnd other general education programs. PRD 
strongly preferred; ABD required 
Interest applicants should send a letter of 
pplication, curriculum vite, thece leters of 
reference, a statement of teaching philosophy, 
tnd a statement about research to be done 
‘ith students to: Dr. Wilbur Long, Biology 
McDaniel College, 2 College 
1D 21157-4390. Elec- 


Departmen 
Hill, Westminster, 
tronic applications should be addressed 10 
wlongiamedanieLedu. Application review 
‘illbegin on October 22, 2007 


One of forty colleges and universities nation- 
wide known for its success at changing the 
lives of its students, MeDaniet College is a 
selective liberal arts college located in central 
Maryland, an hour's drive rom Baltimore and 
‘Washington, DC. Its primary commitment isto 
outstanding teaching and to fostering critical 
and creative thinking and humane and respor- 
sible action. 


MeDaniel College, an AN/EEO and an 
‘award-winning ADA Emplover. weleomes 
“pplications from women and men of diverse 
‘ravi ethnic backgrounds, 


hal 


ECOLE POLYTECHNIQUE 
FEDERALE DE LAUSANNE 


‘The School of Basic Sciences at EPFL antici- 
pates making several appointments a the level 
‘oftenure track Assistant Professor in the broad 
field of physiesof biological systems. The open 
faculty postions are offered inan environment 
‘of both theoretical and experimental research, 
attheinterface between physical and biological 
sciences. The appointed Professors will enjoy 
close contacts with the School of Life Sciences, 
Of EPFL, the School of Biology and Medicine 
ofthe University of Lausanne, and the Univer- 
sity Hospital ofthe Canton de Vaud (CHUV). 


Outstanding candidates with recognized 
accomplishments investigating the structure, 
dynamics and function of biological systems 
from the molecular to the cellular levels are 
particularly encouraged to apply. Proposed 
research activities covering advanced imaging 
techniques are also of interest. Existing 
research facilities are strong in bio-imaging 
and electron-microscopy, including access 10 
the Swiss light source for synchrotron radiation. 


Faculty Positions in 


Physics of Biological Systems 
at Ecole Polytechnique Fédérale 


de Lausanne (EPFL) 


‘Successful candidates are expected to initiate 
independent, creative research programs and 
bbe committed to excellence in undergraduate 
and graduate teaching. We offer internatio- 
nally competitive salaries, start-up resources 
and benefits 


Applications including curriculum vitae, pue 
blication list, concise statement of research and 
teaching interests as well as the names and 
addresses (including email) of at least five re 
ferences shouldbe submitted in PDF format via 
the website tp:/shepf.clphyssearch by 
‘November 1, 2007. Inquiries may be directed 
to Prof. Rolf Gruetter (rz_physbio(wepfl.ch), 


For additional information on EPFL, please 


consult: http://wwwepfleh, hup:/shepfLeh, 
Iutp:/sv.epflich 


EPFL is committed to balance genders within 
its faculty and most strongly encourages quali- 
fied women to apply. 
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CHAIR 
The Deparment of Pysics and Astronomy athe 
University of Waterloo, Canady tvs tommations 
dat spplcstions for the pontion of CHAIR OF 
{THE DEPARTMENT, Candas ae expect vo 
thavea dtigunhed record ot acing, atacand 
dernatatel aby in eaiatip an Sanenaton. 
Tey should abo be eipie fe a caky_ posi, 
tonal atthe level of FULL PROFESSOR. The 
fececafel canine wil st the sce tove for 
the Depacmeer, be roponsble fy he este 
teteen the Depart andthe roaicr academe 
Community and play leading role the 2caeic 
plang amt angen prs within the Facly 
Sacre 
The Department has more than, 50 fl time 
embers of aulty an tal 110 pate ste 
Sin! pontdoteral Yellows and 200 hemor nr 
radiate piyses ant atrontny wadcats Under 
fxhate suis are aac et ork a Cooperative 
Eitcation and Repuar format The Depareecet as 
lnc ts toboth he tue Sor Quaneis Compating 
Sta the Festeeter tnt. The Depmroment 
teach sive wel werace Onstcing Coven oud 
Intemational applicants ot raat progam 
“The Univerty of Wateoo betel in the 
auracive two-unheriy community of Kitchener 
Wacloo popuition 300,000) mm, southwestern 
Ontario, about one hour mes of Toro 
prictions and wommnarions should ince a 
the name a contact information 
tree indi ving to pronde riven 
fea amatcment of patton ualcaton 
fal consieraon,spptiesions should be reeched 
Prior wo October 1S, 2007" Send applications oe 
amination 0 
Profesor Temy MeMshon, Dean 
Faculty of Scence 
University of Watcioo 
300 University Aver 
Wese Waterloo, Onvarto 
‘Canada, N2L 3G1 
‘Tephone: 819-488-4591; fax: 519-746-254: 
e-mail: Ineber@uwateloo.sa- 
Al que oni conned © op: here 
saad eco ad porous ot 
irony, The Gnoray Wate eng apts 
Foo a quiet tata, che wma, enter 
ek poate, ie pp el pw ag 


ASSISTANT PROFESSOR in BIOCHEMISTRY 
The Chemistry Department of the US. Nava 
Academy ites appcaions for ene cre te 
Sack patos in bxbemary tthe ASSISTANT 
RO FESSOR keel to begin “August 2008, The 
Srement cont of 39 fl time cy ecrbers 
brea five Wology biochemistry fcuk, and oc 
Sipe ober 82,000 square feet of newly Fenonted 
ic, clasroom, and lboratery space equipped with 
igi erate armenia emer 
iii: Appmoximatly 20 students per Yar graduate 
wrth Amettan Chenu Sockty ceri chemiry 
Uegrec and planning i unereay for 4 Hocherry 
track: The sacl pplcnt mnt be strongly com 
tne wo teachings he uleradte el and wil 
be espe to hep tach general chemisny and 
‘heh coasting ba vaio, the 
Candida’ of choice wil be expec to develop and 
‘natin a gorau cach progam which inca 
‘pension of undergraduate tacachrs. Candas 
{thal send cic wae, acme of teaching 
Plow, cone dexciption of research/scholary 
Interns ana arrange for three letters of recosiben 
dition (at least onc of which addrenes caching) tobe 
‘Skemisty Department, CS Neral Acsdamy, $72 
0. 057 
Holloway Road, Annapolis, MD 21402:$026. 
‘The US. Nina Acyl 8 fig ae 
pros ad wm sth he apap: ie al at 
Epud Ops ABaite Aton Lops. Ts ey 
pris Coo speeded 
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FACULTY POSITION in DEPARTMENT of 
‘CELL BIOLOGY aad PHYSIOLOGY 
‘Molecular Oncology Program 

The Department of Cell Biology and Physiology 
at Washingson Universty School of Madicne invites 
Spplicatiogs for a wenuré-arack appoieemeen at the 
ok of ASSISTANT PROFESSOR The suc 
‘esl cane wil join the Molar Oncology 
Progam, 3 joint program between the Departments 
of Cal Hilogy and ternal Medicine at Washing 
ton Univenity School of Medicine, The Molecular 
Oncology Program is compmned of a brant group 
of imcracive investigator stadying cell cycle com 
tol, checkpoint control, call_death, G-prosein 
Signaling, telomere Biology, HIV. pathogenes 
mnetaai oncogenes, and) tumor" suppressor 
Outstanding individuals investigating fundamental 
protlems in moleaar oacology are encouraged 
apply. Candidates must demonstrate the ability 
idop an independent research program and’ 
ommumene to excellence ia graduate education 
Applicants must have 2 PRD. and/or M.D. and 
prmdoctoral experience. Please scr curriculum 
Siac, 2 summary of caret and proposed rescarch 
Progoms, and arrange for three letter of recom 
tendation to be sent tr 


Drs. Helen Piwnica-Wormsand Kendall].Blumer, 


Cell Biol id ipa Search Commi 

a tee 
‘Washingt Univity Shoal of Medicine 
640 Sout 


Boch Avene Campus Box #228 
St: Lous, MO 63110. 
E-mail facleycarch @ellioogy.westeda 

Appbcations should be received by February 1, 
2008 Wabiqgon Univeny 6 cmied © sect 
promos of comes onl weabee 6 atanty poo ot 6 
Jlcky ant partalaly eisomgs apples fo sth 
‘andes 


BIOCHEMISTRY POSITIONS. 
Washington Univety in St. Louis secks w 6 
two otis no in he a 2008 ina eo 
Wockemitry. One\ pontine will be losted nthe 
Department of Chemistry in the School of Aw and 
mes. ‘The eaher portion wil be located in the 
Depart of Bachem sad Biophys at the 
Stool of Medicine: A sce candate wil hold 
thai primary appodttment tn the Department 
stich they ae cated. In adsion, each postion 
Hokls the penta for a joi appoiment in the 
sccond Department. The development and mainte 
tance of s-erstanding researc programy and the 
aching of both cove and avaneed. biochemistry 
inch are required Appcatoe should cone OF 
Suniculum sae and a conse racardh froporal oF 
Froposls Thee documents are to be subetted in 
EStronc frm as PDE (portable documest Somat) 
fs co e-mail: search@wachem. usted with the 
Sbjct ine Biochemistry Faculty Search. Applicants 
Should ho arange for thee letra ecfeence 
beent to e-mall search@wuchems wasted, with 

Spel orgie sc 

Biochemistey Faculty Search Committce 
‘Department of Chemistry 
Campus Box 1134 
Washington University 
‘One Brookings Drive 
Se. Louis, MO 68130-4899 
Pax: 314-985-4481 

Competed applications for the postion mist be 
received by 18 October 2007, wo efvare clon 
the inital review. However apcatons received 
later wil be acepued and reviewed unt candidate 
has brea ira arte search dacontinued. Whe an 
‘ophass wil be place on hiring at the: JUNIOR 
EACULTY levd, tly exceptional applications a ll 
Keele wil be coosidered. Wako Usaenay & an 
Epa Opps, Ase Ac Epler 
foo sodepmentel gongs ac apetaly comeged ey 


FACULTY POSITIONS 


“TENURE-TRACK FACULTY POSITION 
Endocrine Division /Center for Molecular 
“Medicine and Genetica 
Wayne State Univenty School of Medicine 

Aten ack poston fran oustanding Physi 
Scientist (MLD, Or M.D. PRD, degrees) the AS- 
SISTANT, ASSOCIATE, or FULL PROFESSOR 
Ievel is sealable a 3 join appantment beeen the 
Endocrine Divison f the Deparment of oral 
alisine an the Center for Malecar Medic and 
Genetics (website: ttp://www.genctics. way 
su). The appointee would Fe housed in the 
Fatorct of the Cem, which recray underwent 
$20 millon renovatiin of iw laboratory and core 
tocarch fies. The eandiate would join a active 
Euity conducting tun and tandationl resaeh, 
‘An attrscve aarp package aval, whish i 
“hides th proceed itn Silo (Baa fa) 
tnvdownnent Totended to suppor dabetes research, 
The Divtion of Endocrindogy serves inpatient and 
caupacon csi aes jinn a be Dt 
tical Ceoter bopitb, which are over 1,000 bed 
Sails. Thee are ample opportunities for both 
tase and clinical rexcarch in cabetes, The scenic 
ervironment includes several ae scentins with 
Stine NII funded research in beta cll blog 
itnalin actions, mitochondsalsigtaling, aljpokins, 
Sud dabeies complications. The Endoctine Dison 
iby an Acro Cali Grate Msi 
Tilucaton- approved falowship programs, We ae re 
rutin» candace who has fea of cngoing dl 
ies rescarch in tranlaonal genetics or gens, 
induting inborn eros of metablam, medion 
‘Ssceden, or treatment of genetic diner. There ae 
‘stemiveepportuntc for callborston an excelent 
expan tee atl ech th 

ry, govern, al other acaleic nttatens, 
Mae Se Une Mis ey rch 
tniversy located in an urban acting. Appliatons, 
wl be reviewed upoa receipe and review continued 
Soule potion ha en : 
von Carol ae, aod the eames and adits 
fat Tea three references and be sent" Ms, Mary 
‘Anne: Hlowsey, Center for Molecular Me 
and Genetics, Wayne State University School of 
Medicine, Re. 3127 Scott Hall, $40 1H. Canfild 
Avenue, Detroit, MI 48201 or by e-mail: mhouscy@ 
nctichwayne ed. 

THSU a Ea Opti aon Lr 


VIROLOGIST 

The Dinision of Biological Sciences atthe Uni 
scrity of Montana is seeking a Viologist working in 
Infectious disease who complements current research 
ras and can partipate in teaching virology atthe 
‘paduate and undergraduate levels 

This tenure track position is atthe ASSISTANT. 
or ASSOCIATE level, depending on quabtia 
tions. The ideal applicant will have postdoctoral 
rescamh cxpenence, evidence uf teaching excellence 
Se ewablsbied recon! of research producti, and 
“Semonstated sucecs de potential secure research 
funding 

The new hire will join a diverse group of active 
faculty inthe graduate programs in integrative ml 
crobiology. and biochemisty, who enjoy collegal 
interactions with fculty ia 4 variety of other grad 
tte progans (ice websites: Inep://dbssumtedu/ 
switta//rialge cess 

“Applicants Should sent cariclum vitaey stat 
ments of research and teaching interests, and names 
Of three references to: Chait, Virologist Search 
Committce, Division of Biological Sceness, Uni- 
versity of Montana, 32 Campus Drive, Missoula, 
MT. 59812, ce submit clecronically to ema 

_scarch @mso.umt.cdt, Review of materials 

Taree Oanker 18 3007 The Dison ner 
‘Sted it hiring seandide who wil enhance the eth 
Sn gender divenity ofits faculky. UM iar Afitoe 
Ai /Egual Opprnty Enplayer/ ADA Vacs Pre 
‘su Empl an te mento ate NSE PACE ava 
‘Ths mar ali a aber fina pwc 
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DUKEBSNUS 


GRADUATE MEDICAL SCHOOL SINGAPORE 


Faculty Positions 

Cancer and Stem Cell Biology 
‘The Duke-NUS Graduate Medical School Singapore (Duke-NUS 
GMS), a global partnership between the Duke University and 
the National University of Singapore, is recruiting internationally. 
We seek creative scientists who are focusing on discovery 
biology andlor translational medicine in the fiold of Cancer and 
Stem Cell Biology. 
‘Applicants for all ranks should have a PhD, MD, or equivalent 
and a record demonstrating outstanding promise. Special 
opportunities exist for research involving cancer stem cells, 
advanced imaging, and translational studies both in non-human 
primates and in collaboration with world-class clinical services, 
Including Singapore's National Cancer Centre and General 
Hospital. Successful applicants will join investigators already 
affliated with Duke-NUS GMS (see www.gms.edu.sq). Faculty 
postions clude hl sear. goneros sintap. and rosearch 
funding of up to S$S00K/p.a., assuring a stable base of support 
that can be supplemented by competitive grant awards, which 
are expanding rapidly in Singapore. 
Interested candidates should send a cover letter, curriculum 
vitae, a summary of research accomplishments and future plans, 
and arrange for three letters of reference to be forwarded 
(Assistant Professor candidates), no later than 9 November 
2007, to: 


David Virshup, Director 
Program in Cancer and Stem Cell Biology 
Duke-NUS Graduate Medical School Singapore 
2 Jalan Bukit Merah, Singapore 169547 
‘email to: CSB.recruit@gms.edu.sq 
Igniting the Pioneer Spirit 


Microbiology Faculty 


Stony Brook Unversiy/s Department of Molecular Genetics ard Microbiology 
in the Sctool of Mecicine ivtes aplication fora tenure-track facuty position 
at the Assistant Professor level i he fields of virlogy and viral pathogeresix 
‘Suecussul candidates will be expec to establish a vigorous extramural 
‘esearch program, dvect graduate student and postdoctoral research, ard 
participate io Departmental teaching and adniistrative resporsitiities The 
Department of Molecular Genetics and Microbiology and the acjacert Ci 

for lfectious Diseases provide a highly interactive scientific cormueity wit 
‘worl class esearch facilities including two BSL-3laberaories. The Department 
has taining grants to support graduate students ard postdoctoral fellows. The 
School of Medicine ang Stony Brook University maintain core facilities that 
include imaging, sequercirg, aniral/ranspenc, cll sorting, protecmics, 
‘microarray, oiormatics, rococlonal antibodies, and call culture 


Required: Applican’s must have a PRD. or M.D/PhD. and have atleast wo 
ars of postcoctorl experience. Outstanding candidates whose research is 
in the area of host response to vr infection are encouraged to apy. Special 
<considoration wil be given to candidates whose expertise wil contibute 

to the study of human infectious disease. Specie areas of iteret inde 
but are not limited to, RNA are DNA virology, ius interactions, 
pathogenesis, ard immunity to viruses. 

The review of applications will begin immesiately, and wil cotinueuetl 
December 31, 2007, or ul the postion is ile 


Toapply, senda CV. abviot summary ofaccomplishmeats and ture 
research interest (our pages total nd the names and contact 
information of tree references to: Nancy Cech. PhO 

Charo! Search Commitee, Deparment of Malecua Geretics and Nicrbictogy 
120 Lite Sciences Bung. Stony Brock Urey, SUNY 

Story Brook, NY 17945222 

Fax: 631) 6329797 S I ON Y 
{a pp Atte con Ck < 

nl Oprin/ARrtve Aton oe 

Veit vest oak rats or egy t BRaNWK 
ee 


MELANOMA RESEARCH 
FACULTY POSITIONS 


‘The University of South Florida College of Medicine and the Donald A. 
Adan Comprehensive Melanoma Research Center atthe H. Lee Moffit 
Cancer Center and Research Insitute are seeking laboratory-based 
faculty members witha PLD, MD. or MD-PhD. inthe Department of 
Inerdiscipinary Oncology with an ierest in melanoma research. The 
prospective cuudidites willbe appointed athe Assistant, Associate or 
Full Profesor eve, adit is expected that they would establish an 
Independent funded Laboratory research program concentrating on 
‘wanstional melanoma investigation in the fields of genetics, signal 
transduction, microenvironment, apoptosis or the cell cycle. 


An outstanding start-up plan is available, as well as a highly competitive 
slay packgewih excelent lbsjace A speci atrationisthe 
‘opportunity to interact with ongoing well funded search programs int 
asian immuobgvaanumnottera: drug devedpnaen, population 
“Science and molecular oncology. The Comprehensive Melanoma 
Research Center wil bing together clinicians anu bat an translational 
scientists af Moffitt to aggressively pursue new ideas in the etiology, 
‘treatment and prevention of melanoma, At the HL Lee Moffitt Cancer 
evs, sipitican growth in bic a trastainal research, in 
laboratory space resources and faculty recruitment will occur in the next 
decade as ahigh porty 


‘The Assoclt Full Professor must haw aproven track cont of 
independent research and demonstrat sustained extrarnural funding In 
addition, the Associate Professor rank requires at east five years 
‘experience with continuing and productive service as an Assistant 
Professor. The Professor rank requires documentation of tional 
recognition, adership ability and a east five yearsexperence with 
continuing ane productive service as an Associate Professor. The 
positions are tenure caring an salary is wegstable 


Please reference position no, 4243, Interested candidates should send 
curriculum vitae anda brief staternent of major academic interests in one 
single ptf docunient to Jeffrey Weber, MLD, PID, cf Kathy Joan, 
Supervisor Recruitment & Appointment, Departinent of nterdisciphinary 
Oncology 12802 Magioa Dr, Tampa, FL $9612. For inquiries contact Dr, 
Weber at 813-7452201, or email Jeffrey Weber@mofit. org. Te positions 
are pen unt filled Application review begins September 7, 2007 


{ESF Hal igcommital po inewasing ities 
emsdeation to qualified pyran oti 
Alien, ho poses voit ongany i 
hal sxpertsbenits ie on mani o 
The University ef South Fi son BOTEAAA, 
_ecrommeations, comac Katy Soran al (813) 
‘deysinodconce. According fo Flv, appt 
pent the pai 
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FACULTY POSITIC 


ECOLOGICAL /ENVIRONMENTAL 
FACULTY POSITION 

The Deparment of Environmental Tosicologr/ 
Insite of Environmental and Haman Hei 
(TELE), Texas Tech Univer, &scking 2 new 
ety member at the ASSOCIATE or FULL 
PROFESSOR keel wih 2 fon on conlgialh 
ata or enviroemnentaly eld Gicacs The one 
the wil compemcar tnd expand sre of espercae 
repracetcd Wadi our exvCormeca! and beret 
hh recor, teaching, and scree programs (ace 
sete p/h oo 
Seon) Tee aul alee wil he a 
Pieby an outstanding recat publication, and 
fund record, and expeced 1 bulk an active 
xternally full and ternational recognized 
Program, The succonfl candidate should ext 
Niece evidence of incenal and exereal cols 
cortveachiveront. The Weal cada stool also 
table to derma caelence in eating are be 
freperedtoconbate wo theedciton and tng 
St grata students, 


Applications for this tenured or tenure-track po 
sia wl be accepted unt the pitts fle 
Applicants ust sa 


it online complete cuericulu 
statement of teaching philosophy and in 
‘and a sel statement on how the candidate's 
proposed 


Plow 
du to reference eequaiion 

is should prone namer and ntact informs 
for three colleagues willing to provide confidential 
letrsof recommendation on thet bebal. Letters 
‘of recommendation should be e-mailed to ema 
mmestamiché@ ehh. tucdu. 
SSYSUIDIET 36 FE Vere between Teaas Tech 
Unie and Teta Tech Une Hea, Se 
ences Cente, THEITEL pursues, mulidcptinary 
tocar in te ea of Grvrenmentl tcxkology 
{inl human hele Emphasis placed on develop 
innovative approaches to complex recarch questions 
that af of erent importance, including the ares of 
totes and chemical Ue 

ode ond mir cent oe sy em! W 
‘apiy TTC & Equal Oppetanty/ fate on be 
Maton ont wey se Tony nen h empye 


BIOLOGY DEPARTMENT 
Eukaryotic Developmental /Cell Biology 
“The Department of Biology seeks applicants for 
tenure track ponition vo begin late August 2008, 
Th succeafd eanddae mist hive 4 PD ad mas 
hha demonstrated excellence ia undergraduate tach 
ings potdctorl research experience prefer, Pet 
cil fe given to candidates working in imal 
fungal systems who can take advantage OF existing 
facilites. This person will teach introdctory biol 
¥, molecular cell biology, genetics, and lective in 
Stes oF expertise, and is expected maintain an 
Sctive research programs that involves undergrad 
tes Colorado College i committed to increasing 
the diversity of ts community and euriculurs. Can 
Sidates are encourage to identify the ways in which 
they ean contribute to that goal Application dead 
line § October 14, 2007. To apply send ce of 
application, curriculum vise, graduate and under 
iraduate transcripts, statements of teaching philoso 
Phy and research interests, and three letters of 
Fefernce to: Dr. Mare Sayder, Department of Bi 
logy, Colorado College, 14 E. Cache la Poudre 
Street, Colorado Speings, CO 80903. Colorado 
College isa highly selective vationa liberal ars cl 
lege with a unique one course a 3 time curiclu 
“he Clee isan Exual Oppornty Employer a ds st 
arin te as of re, ag ig, Sx, sed 
‘ntti, natina ei, a aby ta cation pa 
fans, atts, a employment pac. 
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FACULTY POSITIONS 


WAKE FOREST 


Wake Forest University 
The Wake Forest University Department of 
henry capac to fl two tne tak positions 


x the rank of ASSISTANT PROFESSOR to begin 
‘August 2008. We are a Ph.D. granting Department 
whose mision is to lead in undergraduate and 
[graduate education and in research ventures that ex 
{end beyond the traditional boundaries of chemistry 
Outstanding opportunities for multisciphinary col 
laboration exist on our campus and with biomedical 
sae Semen eae Pee ie 
School of Medicine. Applicants must hold a Ph.D. 
(or equivalent) in chemistry or biochemistry, and 
will be expected to have a strong commitment 1 
teaching biochemistry chsses (and other classes 
acconfing to their expenise) at the undergraduate 
dnd graduate levels. Applicants will also be expected 
to establish a vigorous, externally supported research 
Program involving graduate and. undergraduate 
Mudents. Additional information about these. po 

tions can be found at website: heap: //www.wfu. 
‘edu/academics /chemistry. Applicants subs 
init a Tetter of application, curriculum vitae, copies of 
tundengraduate and graduate transcripts, a 10-10 
five page statement of research goals, 2 one: to 10 
POR Stement of teaching phosophy, and duce 
jeter of reconimendation to: Chai, Biological 
Chemistry Search Committee, Department of 
Chemistry, Wake Forest University, Winston- 
Salem, NC 27109. Applications will be accepted 
tuntil November 1, 2007. Wate Fest Unienity © an 
Equal Oppoermity, “Atfomatve Action Enployer and 
sang commited te tomas the dvensty of 1 fu 


FACULTY POSITION at the 
UNIVERSITY of PUERTO RICO 

The Department of Biology of the Univer 
fe Rib at Rio Peas (website: ’ 
seppeadgh arkes sponses Geers 
out i celui /mokcal biog toch, 

favestigators with expertie in cellular mechanisns 
(c.g. sugnal transduction, intracellular teaficking, 
[protein metabolism) are particularly encouraged 10 
Spply. Candidates must Bok! 3 Ph.D or equivalent 
dnd have postdoctoral experience. They are expected 
to develop active research programs and to teach at 
the graduate and undergraduate levels. Interested 
‘candidates should send resume, a statement af cur 
reat and future research and teaching goals, eepre 
sentative publications and three letters of reference 
to: Dr, James Ackerman, P.O. Box 23360, UPR 
Station, San Juan, PR'00931-3360 or cmail: 
ackerman.ty com. Applications will be 
Easter Heer Cercbe 1000 ut the potion 
is Billed. Uinwesty of Puno Rio & an Equal Opportunity 
Employer. 


University of Mantand Department of Kinesiolo 
y seeks 2 tenure-track ASSISTANT PROFESSOR 
to conduct research, supervise graduate students, 
and teach. Candidates mast have postdoctoral tai 
ing and 3 Ph.D. in exercise phywology or 3 closely 
relited field. The candidate's research must empha 
size mechanatie endpoints ceated to physical activ 
ity. Application deadline is November 1, 2007, with 
| srt «te of August 2008. For moce information con 
it Doses Highesy, PAD. Cometh abe, 
umdedu) or se the Department website: http: 
‘www hiip.umd.edu, Women od noes 


wea ape 


FACULTY POSITIC 


‘TWO TENURE-TRACK FACULTY POSITIONS 
“Exercise Physiology 
‘West Virginia University School of Medicine 
Division of Exercise Physiology 
Inn expanding commitment to research excellence 
in cardiovascular and muscle biology, West Vieginia 
University School of Medicine invites applications 
from oustanding scentists for two new tenure-track 
‘culty positions s ASSISTANT, ASSOCIATE or 
FULL PROFESSOR, in the Divnion of 
Physiology (website: “ht 
som /ep/availablePosi 


Savaes aces 
Pity ep oe oe 
teleonmreasee 
eit ee 
eee 
Yersity” School of Medicine P.0, Box 9227, 
pan Seen renee ca 


‘materials electronically to e-mail: jhollander@hsc, 
sry an please copy ail ‘cups ema ‘wen 
‘stannardé@hsc.wvu.ede and e-mal 6. 
Freeda Weve of ppicaton: wil bop Ser> 
77, and continue until the posiions 

is available January 1, 


is available July 1, 2008. 
WU sa Eg Oppo Afi ive Acton Epler 


Muhlenberg College Biology Department an. 
‘ounces two tenure-track ASSISTANT PROFES- 
SOR posiioes beginning fll 2008, in physiologcal/ 
bbchavtorl ecology (pending approval) and in. ani 
imal physiology. Strong commitment to teaching 
and fescardh ia small liberal arts college environ: 
‘ment required, Ecology teaching responsibilities in 
sdde intro course for major in the area of evolution / 
Livenity/ccology, general physiology, and upper 
level courses in area of expertise. Physiology te 
ing responsitilities include introductory course for 
lee es ol pe rep 
tology, general physiology, and an upper level course 
in are of capersne. Canate th ca interface 
With intendiscphinary enviconmental sdence and/or 
neuroscience programs welcomed. The College's 
new science facility offers state-of the-art texehing, 
and research aboratery spaces. Ph.D. required (post 
doctoral experience preferred) as are 3 record 0 eX 
tllent teaching ad an active research proggam that 
fn invohe stidents. To app, send letter of appl 
‘ction, curiculin vitae, tatemicnt of teaching and re 
Search interests, evidence of teaching excellence, and 
Ghat of Esslow Seach, Mableabos, Collage, 
Alletown, PA T8104; tu: De. Marten Edwards, 
‘Chair of Physiology Search, Mublenberg College, 
Allentown, PA 18104. Applicant review bens 
October 18, 2007, and continues until the positins 
ar Sill. Muhlewboy Colle & an Eval Opportunity 
Exmpleye. 


aww. sciencecareers.org 


‘@ Penn 


UNIVERSITY of PENNSYLVANIA 
Institute for Diabetes, Obesity and Metabolism, Assistant/Associate Professor Tenure Track 


The Institute for Diabetes, Obesity and Metabolism (IDOM) at the University of Pennsylvania's School of Medicine seeks candidates for 
‘an Assistant or Associate Professor position in the tenure track. Rank will be commensurate With experience. Applicants must have an 
MD, Ph.D. or M.D/Ph.D. degree and have demonstrated excellent qualifications in Education and Research. The faculty appointment 
will be in the appropriate Basic Science Department and/or the Department of Medicine, 


The successful applicant will receive an excellent start-up package and move into newly renovated space in a superb scientific environ- 
ment 


Qualified applicants must have demonstrated research productivity related to diabetes or obesity. We are particularly interested in individu 
als who will complement existing strengths of the Penn IDOM, For more information: visit IOM website at http://www.med.upenn.edu/ 
idomy,, The successful candidate is expected to develop an independently funded research program. Qualifications and experience in 
teaching required. 


Please send curriculum Vitae, letter of research interest and three letters of reference to: 

Mitchell A. Lazar, M.D., Ph.D. 
Professor of Medicine and Chief of Endocrinology, Diabetes and Metabolism 

Director, Institute for Diabetes, Obesity and Metabolism 
University of Pennsylvania School of Medicine 
700 Clinical Research Building 
415 Curie Boulevard 
Philadelphia, PA 19104-6149 


The University of Pennsylvania is an Equal Opportunity, Affirmative Action 
Women and minority candidates are strongly encouraged to apply 


plover, 


UNIVERSITY OF CALIFORNIA 
SAN FRANCISCO 
SYSTEMS/QUANTITATIVE 
BIOLOGY 


The California Institute for Quantitative Bio- 
medical Research (QB3) at UCSF seeks can- 
didates for multiple tenure track faculty posi- 


MICHIGAN STATE 
UNIVERSITY 


Molecular Oncology, Endowed Professorship 


tions at the Assistant Professor level, We seek 
‘exceptional individuals working in the area of 
Systems Biology, broadly defined, working 
‘on quantitative and computational analysis of 
biological systems and networks 


Candidates are expected to hold a PhD 
or MD degree, or equivalent, and to have 
demonstrated achievement in their fields. 
‘The successful candidate will be expected to 
establish a dynamic research program and to 
be an excellent teacher in both graduate and 
professional school courses 


Applicants should submita curriculum vitae, 
1-2 page summary of research accomplish 


ments, a 1-2 page description of future 
research plans, and copies of major publica- 
tions. Applicants should also have three to 
five letters of recommendation. Please send 
applications and reference letters to: Chair, 
‘Search Committee, co Ms. Leslie Spector 


San Francisco, CA 94158. Deadline for 
Submissions: November 


We encourage women and minorities 

to.appls: The University of California 

San Francisco is an Equal Opportunity 
Affirmative Action Employer. 


tr F Pater Hath Sciences Chat is an andowed professorship at Michigan State Univer i East 
ming. Michigan “This craved, laburaory-based, esearcvorenied poston wil be fled by a seer devel 
mokcula oncolpst with an custanding record of funded rear nthe area of mat canct 
The Fatenge Chair search is pan of a coordinated, well-funded intiave wo enhance research on human 
Aseases of MSU. The Patenge Professor wil have acces to univenity pncics diagiosics lbs, sion 
‘pidemiology and eunscence programs, an inicrdepartmental graduate program in genes, and 
strengh in escarch in a wide aray of bai: scences. NSU provides excellent resarch support fai 
a genomic, proteomics, and micrlscopy 
MSUS basic science departmens neport adminiaratvely through the varios Urives 
stoderts and recrch pgeams they seve. Ths adnate suture promotes a highly colle and highly 
senlcipinary envievnnent-ith any collaborative opportuniies The Page Pater fs acces lo the 
tesoures of MOUs two communay-baoed medeal sivorls (9.0. and MLD), snd MSU research ovcnted 
Clee f Nursing al of hich re asocaed wah lrg: heath care systems Kate througout Michigan, 
The Patenge Professor wil receive substanalInboralory space in MSU's siaie-ofthe ant Carinogenesis 
Lahoraone a sutable selip puckage, and anual ieeost fom the endowment for hutneneg the 
Sondidite’s rearch. The succesful candidate will be appointed in one or more of the folowing 
Seportsents Micrbiclony ular Genetic. Rochemstry & Molecular Bology, Physiology ot 
Pharmacology & Taxiology A candidate who holds a proksional degree wal be joiy appointed Yn an 
spproprine Slinical departnent. Sary willbe commmeraucate wih te rank of exowed prolesso 
‘QUALIFICATIONS: The succes candidate wil have a superior record of peer-reviewed publication 
hd wil pouess 3 recarch andoc medial degree leg PhD. SeD, DG, MD). The sucestul 
andidsie wil have a background that domonaitacs hither abvity 1o work synenptically with both 
Scienfic and medical collenes 
APPLICATIONS: This poston will remain open until fled. Send a leer of aplication, a vita tht 
emursiraics acco at chaining exeral focach funding, and 3 statement of recur goals along wth 
itn partenaires cma rd pm) Th aa 
fold be aldresed to: Chairperson, Patenge Search Committee; A314 East Fee Hall East Lansing. Ml 
‘$8804, Emad submisions a PDF lommatsre wekomed and encouraged at patenge search@hcassu cd 
iis commited 1o schicring excellence theoogh call dinesiy. The avery 
ssid cocouseges applessonsarlloe nominations hora worsen, peta of cole, vecransand peor 
swath deabitues 
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FACULTY POSITIC 


ASSISTANT and/or ASSOCIATE PROFESSOR of 
HUMAN GENETICS 

The Deparment of Human Genetics a the Uri 
seriky of Utah School of Medicine is continuing 4 
few major expansion, recating three new ines 
Tiguers over the nett three yeu 60 Bul upon 
‘Siting strengths in human genetics and develop 
‘nena ology 

Weare seeking ourtanding applicant the level 
of ASSISTANT and/or ASSOCIATE PROFES- 
SOR in the broad Beds of genctice ad fuesonal 
sno ing ot el mn 
fetks, genetic approaches to comples disease, 
tation genctce behavioral enti, rogencrave 
‘malin, deslepmcntl gency aa ania mas 
SF human diese and development. Our Depart 

has aston tory in human genes ae 

enchant Usa Population Dats Has, hat 
dre tnijuein the werk The escrces have cated 3 
iighly proluave and colsborshe envroament be 
tweun rscachers,chniins pth comma 

‘Gremive scents witha rcond of acscremets and 
comitment to exeence in bh reach ad teach 
ing are encouraged to apply: Sucetal caidas 
wl recive a subrantilsarup package and enjoy 2 
‘mulating am supportive earch environment 

‘Applicants shoud submit curclam vise 3 um 
sary of research plans elevan repeats anor pre 
Pritts, al thre leers of relerence 


Dr, Mario R. Capecchi 
Co-Chai nt of Human Genetics 
Howard Hughes Medical Institute 


University of Utah School of Medicine 
15 North 2030 East, Room 2130 
Sale Lake City, UT B41 12-5330 
Application materials, including letters of refer 
cence, should he submitted by November 9, 2007. 
The University of Uta i an Eiual Opporaunaty 
Action Employer, eco: nominations and appli 
Fo wows at mints, 
ation 10 the dn 


FACULTY POSITIONS in MOLECULAR, 
CELLULAR, and DEVELOPMENTAL BIOLOGY 
Tniversty of Michigan 

The Deparment of Molecular, Cellar ad De 

velopment Bulogy a the University of Michigan 
Soles sppkiations for fay peniions. We are open 
{o consilring outstanding bate scens nay ren 
‘of resardh that fs withthe mision of the D 
‘en, but areas tha wl eee partic em 
fr hig inthe cms Year are (1) mcroiolog, 
(2) anol pyidogy, nd (3) plot Bacherity 
Forint ie se 
tera pee se our web page (webalte: ete 
‘tweed. umich-edu. 
“We anilpate Ring atthe ASSISTANT PRO- 
ESSOR ct ft apoinment a a ee sir 
level posite fr appians with satableeapetenc. 
Shcceutl candace wil te capeted to exabich 4 
‘npr, cxamialy funded eescirch program and 
tae ie i sasion of ath undone 
Sia graduate 

To ap alas sould end instr, 
curt ita, copies of reprint, ae surimay 
of recent reverch scconplbments statement of 
Fire research plans, a3 statement of teaching 
Interests and pllonoply. Senior candles should 
Sho provide evidence of teaching excellence. Plese 
inictein the ever leter which if any, ofthe sess 
Of empha your esearch fly io. Candidate for 
Sppotntment ay an Anant Pregewor should have 
lea three Ltrs of reference ent immediately to 
the Deparment. All materials should be sent 
Search’ Committee, Departnent of Molecular, 
Cellular, and Developmental Biology, Univers 
ty of Michigan, 830 N. Univenity Avenue, Ann 
ube, ME-48109-1048 oe stented vis email 
‘nedb earch@umidueda, To ensure fall consirs 
$n, ations ad ees of erence sald be 
‘exeived by October 12,3007, 

Wane td oti a emg apy, he Ua 
yo gn poe sof ae op 
ATS pa Opp APomatr Atl Ep 
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TIONS 


‘VIRGINIA COMMONWEALTH 
UNIVERSITY 
Department of Chemistry 

‘The Deparment of Chemistry at Vinginia Com: 
moniwealth University imites applications for a tenure 
track position in physical chemistry, to begin in fall 
2008, contingent upon finding. Appbcations at the 
ASSISTANT PROFESSOR Kevel are preferred but 
any rank will be considered. The successful candidate 
Will be expected to develop and maintain 3 funded, 
nationally recognized research program, and teach 

indergraduste and graduate cours in general 30 
physical chemistry. The candidate's research interests 
bill strengthen the Department's current initiatives 
in material science and chemical biology. All areas of 
physical chemistry will be considered but candidates 
With research related to these areas (nanomaterials 
and /or biophysical) and using ultrafast spectroscopy 
would be Of imerest A Ph.D. in chemistry & re 
‘quired, and postdoctoral experience is desirable, 
‘Applicants should send curriculum vitae, a descrip 

on of proposed research, and estimated startup 
‘costs, andl arrange for three letters of recommenda 
Non io bs sent to: Prof M.S. E-Shll, Chair of 

1c Physical Search Committee, vent 
Ghemistry: P.O. Bax 812006, Virgina Common. 
wealth University, Richmond, VA 23284-2006, 
Review of applications wil begin immediately. Viginia 
Conmowresth Univesity is a Eg Oppo 


{TY and STAFF POSITION 


Misouc, Columbia, Deparment of 
ychologieal Sclences secs applcatns foc acieral 
Pontions related to our new bran imaging center. 
Whe MILLER FAMILY CHAIR in COGNITIVE 
NEUROSCIENCE is open to Fall Professors a 
aivincal Auodate Profenory, of nonacaderie 

uvakes, We expect this endowed potion to be 
fled bya tenured acy member, wh wil have the 
‘opportunity to diet the research dlictel Bean 
Thang Centr 

“Kr sdtieal POSETION ia COGNITIVE 
ABFECTIVE NEUROSCIENCE ‘sto te filed 
St the tenured tenure tack, ASSOCIATE oF 
ASSISTANT PROFESSOR low, We sso sce fe 
‘Guiting 4 MR PHYSICIST (Engineer wil sho be 
Stsalred) an an MIR TECHNOLOGIST to be 
ed as contimling, nonmnue track aff postions 
Responulaic woud inlade working with acl 
To optinize the quality of MR imaging and esearch 

Sn yor apcion to. Search Commie 
Cai (naming the appropriate pontion), 
mene of Psychological Sciences, MeAlexce Hal, 
Gainey of Minow, Columba, MO 6521 
De. Nebon Cowan (etait cowuns@ alsa 
<b thephone: 878-882-4282) tr the Miler Chait 
Prnlion, Dre Steve Hacky (hacklers@miioue. 
Edu; telephone: 873-882-3277) and. Jetirey 
‘ouder Gouderj@mimooriedus tlephooc: 573. 
884-4679) for he ciate actne ncuron 
yen De. Se Hadi chitin, 
[uy clephones 573-882-3477) for the a 
Pi epbtibns sical Sacbwde'a covet eter der 
ingearchand eaching re cr 
thee to ve repreentatve repaints aa eter OF 
‘tntactinfermtion for three referees. Apion: 
‘sil be cealuuted beginning November 15007, 30d 
ntaising unl the pontons are filed. Web: 

7 -snimourieda/ 

Tie Canny 9 iat de mtn the 
Sak of in hin, ial on, cy, 
snl db, mi Kael wn ven of 
tt et wel bo Equal Oppel /ABiomanes Aces 
Bopper 


FACULTY POSITIC 


EXPERIMENTAL ATOMIC, MOLECULAR and 
‘OPTICAL PHYSICS 
The Physics Deparment, the James Franck 
lesttte, and the Endo Fermi Intute at the 
University of Chicago invite applications fora 
tenure rack faclyy appointment tthe general area 
SF experimental omic, moleclae, snd optical 
tose (AMO). The appointment wil sar the 
Et of 2008, We cxciurage applications from 
cavdidocs with an cuseenog tor Of research 
Snares such as ulracokl atoms. al mlecues, 
Precision measurement, quanturs optics, quant 
UMiormation, ax well ultra lar plac. The 
Succcssfil candidate must have a doctoral degree io 
Pye or related fikls and f expected to cralinh 
In independent research program whik, clgevely 
Shetaing to the Dejurten® undergo 
dnd graduate teaching programs 
Tike appoinument te expected to be at the AS: 
SISTANT PROFESSOI level. Appointment a 
the love of ASSOCIATE PROFESSOR or FULL 
PROFESSOR 's power ecyuonly wl 
‘quale candidates Applicants show send curic: 
‘htm vitae, a list of publications, 2 bret researc 
sect, and arang have tas there 
Professor Robert Wald, Chairman 
Department of Physics, KPTC 201 
"The Universcy of Chicago 
5720 8. Elis Avenue 
cago 0087 
Email should fe sent to Ms Pat Pie at e-mails 


it@uchicago.eds. 
misiedingst ications will start inthe fall 


2007, an will Continue until the position is filled 
To ensure full consideration, applications should be 
received no. later than November 1, 2007. ‘The 
Convery af Chae de a Equal Oppornty, ADlomato 
Aton Empleye 


‘TENURE- TRACK POSITION in 
CELL MOLECULAR BIOLOGY 
University of Toledo 
The Department of Bictogcal Sciences atthe Uni 
enity of Toledo is seeking to fil'a tenure-track 
ASSISTANT PROFESSOR faculty position a part 

‘major hiring initiative, Departmental research 
rengths inchode celular immunology, cancer biol 
9, nematode molecular biology, moLeular 
SSence, ad plant biology, and other departments in 
the College a Medicine on the nearby Health Science 
‘Campus of the univenity complement thee areas, The 
tocw pantion wil enhance casting research srengaha 
Farlitis letute a modem research Compics wih 

the art laboratories and outstanding strum 
tion centers with plans under way for’ new science 
building. Applicants mist have a Ph.D. and 
shears ce. Succes cniates should 
cell be egected to develop an © 
scach rogan and wil pata 
dnd yraduate instruction: The Department offers the 
BS.)MS, and PhD. degrees. Aditionalnoeration 
in avaiable on the departmental website: httpi//woew 
bioscences.utoledo.edu. 
“Salary and startup fads are competitive. Review 
of applications will begin. Octcher 18, 2007, and 
onteoue until the position i led The starting date 
for thie position wil be August 2008. Interested 
candidates should send a Jeter of application, cur 
ficulumy vitae, statements of teaching and research 
Interests, and arrange to have three letters of recon 
‘penulti sent to Chait, Faculty Scardh Committce, 

‘of Biological Scicnces, M.S. 601, 

University of Toledo, Toledo, OH 43606-3390. 
Evan injuiies may be directed t0 em 


ingen sacs 
ee 


Quid women and mina ae geome! 1 apply. The 
nest of Talal isan Afirauioe cio Equa Oppity 
Employer Minti /Fanaes/Pesos wi Diuites/ Ves, 


aw sciencecareers.org 


WASHINGTON STATE 
La] UNIVERSITY 


ASSISTANT/ASSOCIATE PROFESSOR 
Pharmaceutical Sciences/Bioengineering/Nanomedicine 


‘The Department of Pharmaceutical Sciences at Washington State 
University in Pullman, WA (www.pharmacy.wsu.edu/PharmSci/) 
invites applications for a full-time, 12-month tenure-track position at 
the rank of Assistant oF Associate Professor fo begin July 1. 2008 or 
earlier. Qualifications: Applicants must have an eamed doctorate in 
pharmaceutical sciences, bioengineering oF a related discipline before 
date of hire. Responsibilities: Candidates will be expected to: (a) teach 
at both the professional and graduate levels; (b) develop and maintain 
aan extramurally funded research program; and (e) share in service to 
the Department, College and University. The successful candidate will 
receive a competitive start-up package and will be expected fo establish 
fn outstanding research peogram that will atract continued extramural 
funding. Preference will be shown to those whose research aligns with 
‘nanomedicine and delivery systems for drugs, genes, peptides, nucleic 
acids, or viral delivery. The successful candidate should have excel 
Jent communication and interpersonal skills, collegiality, and a strong 
‘global perspective, He/she should demonstrate the ability to contribute 
effectively in the department's teaching missions at both professional 
and graduate levels. 

Sereening of applicants will begin November 1, 2007. The application 
‘must include a leter of interest; curriculum vitae: statements of research 
‘poals and teaching interests; as well asthe names, email addresses, and 
contact information fr three references. Send applications to: Ms. Paula 
Marley, Principal Assistant, Dept. of Pharmaceutical Sciences, Col- 
lege of Pharmacy, Washington State University, Pullman, WA 99164- 
653. bbri@wsu.edus Phone: (S09) 335-8545; Fax: (509) 335-5902. 
Applications should be mailed or emailed as PDF documents 


EO/AAADA 


ALEKS OTHMRI 
IM. if = 

SCHOOL 7 PUBLIC HEALTH MALARIA aston} 

Department of Molecular Microbiology and Immunology 


arly seck applicants whose research employs tray etystallograpbic 
phy sical approaches to address fundamental questions in mierobiol 

‘gy oF immunology 

Extensive core facilites arc available, including a biophysics facilay wth 

‘xjuipment for crystallography, calorimetry and spectroscopy. A compctitvc 

Sartup package, salary and benefits will be provided. Individuals will be 

expected to develop independent research progr fn roteractive 

environment of invest 

rial 

fundamental ecllular processes. Oppor 

vibrant Johns Hopkins biophysical rescarch community and graduate tain- 

{ng programs. Applicants must have a PhD, MD, or equivalent degree and 

appropriate post-doctoral experience 

Review of applications will begin November 1, 2007 and will continue until 

the positon is filled. Applicants should provide curriculum vitae, deserption 

cofrescarch interests and three letters of teferencs to: Susan Booker, JHMRE 

Coordinator, Johns Hopkins Bloomberg School of Public Health, Room 

£5132, 615 North Wolfe St, Baltimore, MD, 21208; V. 410-502-3377; F 

410-938-0108; sbookeriajhsphuedu. For information on JHMRI, BMB and 

(MMI fuculty and research programs, please vist www.jbsphuedu. 

The Jolas Hopkins Univesity active encores oreo frum women and minor 

ties nd isc Affmative Actin Equal Oppornarts Epos 


FACULTY POSITIONS 


ha pioneering intemational initiative, Cornell University 
established the Weill Comell Medical College in Qatar 
(WCMC-Q) through a unique partnership with the Qatar 
Foundation for Education, Science and Community 
Development. Located in Doha, Qatar and in its sixth year of 
operation, Weill Cornell Medical College in Qatar seeks 
‘candidates for faculty positions to teach in Doha in: 


PHYSIOLOGY 


Following a two-year Pre-mecical Program, the inaugural 
class is in the final year of the traditional four-year education 
‘program leading to the Cornell University M.D. degree which 
they will receive in May 2008, The medical program at 
WCMC-Q replicates the admission standards and the 
Innovative problem-based curriculum that includes, among 
‘other things, integrated, mutidiscipinary basic science 
courses that are the hallmark of Weill Cornell Medical 
College in New York. 


Facuity, based in Doha, will be expected to teach their 
‘specialty and to contribute to the academic life of the 
‘Medical College. This unique program provides the 
successful applicant with the opportunity to leave his/her 
‘mark on a pioneering venture. A state of the art research, 
‘rogram, to be housed in WCMC-Q and focused on 
‘genetics and molecular medicine and women and children's 
health willbe initiated Fall 2007. In addition to fulfling their 
primary obligation of teaching, selected candidates will have 
the opportunity to participate in existing research projects. 
‘Opportunities to apply for research funding on a competitive 
‘basis will be available in Qatar. Teaching and research 
facilities are situated within a brand new building designed 
40 Cornell specifications and located in Education City in 
‘Doha amongst other American universities. 


‘Al facutty members at WOMC-Q are appointed by the 
academic departments at Weil Cornell Medical College in 
New York. 


Further details regarding the WCMC-Q program and 
facilities can be accessed at: 

www.gatar-med.cornell.edu 
Candidates should have a M.D., Ph.D., oF MD/Ph.D, or 
equivalent terminal degree. The successtul candidate wil have 
strong teacting credentials and experience in teaching 
medical students. Salary is commensurate with traning and 
‘experience and is accompanied by an attractive foreign- 
service benefits package. Qualified applicants should submit 
aleter of interest outlining their teaching and research 
experience and curiculum vitae to: 


facultyrecruit@qatar-med.cornell.edu 
“Please quote Faculty Search #07-007-sci 
‘onall correspondence 
Cornell University isan equal opporturity, 
atfimative action educator and employer. 
The screening of applications will begin mmeciately and 
continue unt suitable candidates are identified. 


Please note, du to the high volume of applications, 
only short-listed candidates wil be contacted. 
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FACULTY POSITIONS 


“TENURE-TRACK IMMUNOLOGY 
FACULTY POSITION 

‘The Department of Call Biology, Neurotiology, 
and Anwomy at Lovola University Chicago Meshal 
Genter, Stritch School of Medicine, is recruiting 3 
tenure tack IMMUNOLOGIST. Inexigators who 
ocus on mechanisms governing the awn of the 
immune system are swengly encouraged to apph; 
however, other aspects of immune function wil lo 
be considered. Exwting strengshs in the Deparment 
include: T and B call development in aging efector 
functions of T helper cells im neuronal repair; ina 
ence of alcohol, age, and gender on inmate many 
roles of chemokines and cytokines in the deve 
‘ment and management of chronic pain; and roles 
irormones and sical in the development an fanc 
tion of els ofthe nervous system. Loyola Universty 
Meaical Center supports basic and translatcnal re 
search by providing state-of the ar eqlajpment and 
‘ore fiities inching, fluorescence activated cel 
Sorte, imaging, molecular, statistics, and. animal 
care. Numerous opportunities exist ioe collabora 
tions not only within the Department but abo with 

cians and fculty members in the Totes 
teary Reseath Insitute and Programs: Neurosdence, 


Shock Trauma, Infectious Disease and Inamanolo 
Alcohol Research, and Immunology and Aging. 
tential candidates are expected to establish an inde 


pendent, extramically funded research program and 
to participate in teaching medical and graduate stu 
dents, Appointments are for 12 months with a com 
petitive sartup package and laboratory space; rank 
‘ill be commensurate with qualifications. Applicants 
should provide curriculum Vitae, a statement of re 
search interests, and have three lewers of support 
submitted ditecdy to the Chair. These materials 
should be sent via e-mail: pwitte@lume-edu aril by 


FACULTY PC 


TIONS 


HE. 
Sah 
onscow matrix sciences 
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‘specially encouraged to apply. The meesful appli 
faint must be @ US. citizen or permanent resident. 
OHSU places high priority on cultural diversity, 
thus, we seck candidates with a demonstrated sen 
sitivity to and understanding of the diverse acader 
ie, socioeconomic, cultural, disabled and ethnic 


research interests, and contact 
three references to: Rebcea Salzer (e-mail: salzerr@® 
‘ohsu.edu), Department Administrator, Oregon 
“Health & ‘Science Univenity, Department of Be- 
havioral Neuroscience, L-470, 3181 S.W. Sam 
Jackson Park Road, Portland,’ OR 97239-3098. 
Website: hetp://www.ohswedu/behneuro/. 


post to: Pamela Witte, Ph.D., Department of Cell 

liology, Neurobiology and Anatomy, Loyola 
University Stritch School of Medicine, 2100 8. 
First Avenuc, Maywood, IL 60153. For moce in 


‘OHSU an ABimnatve Aton, Equal Opporaity Ee 
ployer, Wc, mines, distal perso, Vieman era al 
sabe vers ae encouraged 1 apply. OHSU ta oke- 
fre wove 


formation, vnit our website: heep:/ /www.tuhs. 
i 


‘foatve/Figoal Oppetnty Employer and on 
aug appatns fom arent ard wise 


FENURE-TRACK BIOCHEMIST, tlamtion 
le invites applications fr a tenare tack pont 
Sians Goshen being ay 2008: An cy 
level appointment targeted. but appoint f 3 
seo Maris one PR. a posal o 
‘suivant experience required. 

“Applicants must be commited to undergraduate 
divtion with interes in teaching an increningly 
diverse student population and demonstrate exct 
lence, oe the potential fr excellence, in teaching 3 
teseatch wih undergraluses. Primary teathing 
pli wl bn ola chemity wih 

clint responsible in introductory chemistry, 
‘esearch methods, and other course. ia the can 
‘ldate’s ares of eapertbe, The succesful candidate 
wl be expected to guile sulent research chring 
the surimer and advise the required Sente Project 
“ling the seadeone year, Excellent arp suppor 
willbe provided. You wil join group of comeued 
teacher scholar who inant on excellence tec tng 
tnd have a pasion for educating stains throug 
One-on-one mentoring of roach, We work tn a 
stpponive collegial enviroment with superb ame 
iseasve support in a ew state-of tear faiby 

Farber information about Hanslton andthe De 

art can fours t weit: 

amileonedu. Pease sond uric 3G 
‘aduate and radiate tansenps, statements de 
Siting teaching interests and eacarch plans, and 
Strange for three letere of recommendation to be 
Sent by October 12, 2007, to: Karen 8. Brewer, 
Chait, Ds ‘of Chemistry, Hamilton Col 
Teg, 198 College Hill Road, Clinton, NY 13823. 
Hanlon Cie Es Eyal Cppany, Afni Ain 
Eaphjctend © oom tty kl ave § te 
pm crm, Flamin pres dest parc bee 
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EVOLUTIONARY DEVELOPMENTAL 
‘BIOLOGIST 
Beyn Mawr College 
The Department of Wilogy invites applications 
for a tenure-track postion in evoluuonary devel 
ental ology atthe rank of ASSISTANT PRO- 
FESSOR, beginning August 2008. We seck as a 
colleague someare who wil thrive i an emireneient 
that combines teaching and research, The succes 
fal candidate is expected to teach a all levels of the 
cursiculue and exablish a externally funded re 
Search program that provides rigorous collaborative 
research proxets fr undergraduatee Invalaah wh 
Study animal ardor plant development model sys 
tems with a sitoog evokitionary context are encour 
aged to apply. A Doctorate and a least one year of 
pentdoctoral experience are required. 
Tease end attr of application, curculum isc, 
a desenption of research plans that aalresss the role 
‘of undergraduates in your tescarch, aed a statement 
‘of teaching philosophy that inches areas of teach 
ing interests, and arrange for dvce ters of recom 
mendation to be scm by September 21, 2007, to 
Chair, Biology Search, Department of Biology, 
= 1O1'N. Merion Avenue, 


Beyn ‘Mawr College 
Beyn Mawr, PA 19010-2899. (No electronic sub 
missions, please) 

Located in suburban Philadephia, Beyn Mawr 


ment, 2 self-directed and purposeful vision of ther 
lives, nd a desire to make meaningful contributions 
to the world. Beyn Mawr comprises an undergraduate 
‘college with 1200 students, as well as cocducational 
‘graduate schouls in some humanities, sciences, and 
social work. The College supports faculty excellence 
in both teaching and research, and participates in 
consortial programs with the University of Penn: 
‘ylvania, and Haverford and Swarthmore Colleges. 
Beyu Maur College is an Equal Opperninity, Affirmative 
‘Adton Employer. Minwity candidates and armen are expe 
‘lly emuraged 20 apply 


FACULTY POSITIONS 


INORGANIC CHEMUSTRY 
COLLEGE of NATURAL SCIENCES and 
MATHEMATICS, 

Deparment of Chemistry and Biochemistry 
California State Univeraty, Fullerton 

‘The Depart of Chemistry and Biochemistry a 
Callas Sate University, Fullerton, invites pcs 
oer fora tomorecach pion tr taorganic hos 
Sey, preiraly st the ASSISTANT. PROFESSOR 
Heel, to begin in Agust 2008, A wilingnee to en 
ew cokaboratte rocach an/or tren 
Flary ecrcach in elated eld ts dsc. The 
Succes ppicant mat have a PhDs chemty, 
smn ld td sp 

me barony Pek 

potent to Sep 3 “om 
oer invcving unr nae 
Scoemenlons tes sraca eral erg en fers: 
taredereelpublicason, Rocachiterstall aan 
of organi chemistry wil be considered. The aie 
tenia tndate net be earned to ean 
teaching. Dima tending reponse wil be in 
the cor ue ind Labestory counes for inorganic 
Cfemsury and velted counce i other chemise die 
Splins, the undergraduate al graduate level 

Information about the Univer an Depar 
meat at wel fll inflaton on the advetaed 
feotion fr avait 
Smarr fllerton 


explaining how 
above, (b) detailed 


arcu vita, (c) aaatement 
‘teaching pliloxphy, (a) 4 matrct of research 
al oak, ae) epi of repesetatve pl. 
atone, Thy ut slo srange w'have act gcd 
leer of recommendtion fro thre rerences 
tole with ther teaching. and revere pen 
Frene send thee documens to: Chair In 
Chemistry Seach Committee c/o Nathale Alen, 
rt of Chemistry and lochemty, Cal! 
omnia State University, Fallen, P.O. Box 
6866, Fullerwon, CA. 92834-6860. Review 
ection October fy 2007, and 
unt the potion ile, GSU af 
EanpoymentOppartnty Tue 175057500 
ADA lopeye’ Women nl airy ida pte 
iat erat a. 


‘TENURE-TRACK FACULTY POSETIONS 
‘he Deparment of Wiochemistry and Molecular 

Bilogy ar de Uniformed Services University ofthe 

Hea Science in Bethesda, Marland, 

fe oF mre faculty members tenure 

slog tthe ASSISTANT or ASSOCIATE PHO 


ace cota gore tos 

i ty ont as, 

i/o i 

ee on amram 

Gettin ciocenoest 

ep 
Dre Set Soom 
am 


Uniformed Services University of the 

“Health Sciences 
4301 Jones Bridge Road 
Bethesda, MD 20814 
and should arrange for lewers of recommendation to 
bbe sent- Review of applications will begin on No: 
vember 1, 2007. Prof wil be ge ta US. citsens 
saa permatcnt reside USUHS i a Equal Oppranity 
Exmplyer 


aww. sciencecareers.org 


FACULTY POSITION 
CENTER FOR MICROBIAL PATHOGENESIS 


The CENTER FOR MICROBIAL PATHOGENESIS at Columbus Children's 
Research Institute, Columbus Children’s Hospital, and the Department of 
Pediatrics, College of Medicine, The Ohio Sute University seek PhD, MD, 
‘oc MDYPAD candidates for a tenure-rack position atthe Assistant or Associ 
‘te Professor rank to develop and conduct an independent research program 
inthe fields of cellular and molecular microbiology as well as ianate and 
acquired immunity. One area of specific emphasis isthe study of bacterial 
pathogens causing disease in the gastrointestinal tact. Research space is 
available within the Columbus Children’s Research Institute. This reeruit- 
ment is part ofa larger multi-year planned expansion of research initiatives 
by the institution and includes the 2004 completion of a 160,000-square- 
foot five-story research building that houses 48 state-ofhe-art laboratory 
modules. Additional research space is slated to open in 2008. The Institute 
is equipped with leading-edge assets to facilitate collaboration and success, 
including animal facilities in addition to DNA sequencing. flow cytomety, 
informatics, histopathology. transgenic, microarray, ES cell, and transgenic 


‘cores. Joint appointments within graduate departments of The Ohio State 
University are available, 


For more information, please visit our website at www.ceri.net 
Adkess correspondence with three references and curriculum vite tr 
aauren O. Bakaletz, Ph.D. 
Director, Center for Microbial Pathogenesis 
‘Columbus Children's Research Institute 
700 Children’s Drive, Rm. WS91 
Columbus, O11 43205 
Phone: (614) 722-2915 FAX: (614) 722-2818 
E-malt: bekeleti@icerinet_ 
The Ohio State University isan Equal Opportunity 
Affirmative Action Employer: Qualified women, minorities, 
Viemam-era veterans, disabled veterans, and the disabled 


ais ‘are encouraged to apple: 4 LUMBU 


sob Karolinska 
inte 3 institutet 


“Aang w 


PROFESSOR IN INFECTIOUS 
EPIDEMIOLOGY 


Karolinska Institutet invites applications for a 
position as professor in Infectious Epidemiology. 


For further details please contact Professor 
Hans-Gustat Ljunggren, phone: +46 8 585 896 
84, email: Hans-Gustaf.Ljunggren@ki.se or 
the SACO union representative Michael Fored, 
phone: +46 8 517 791 81, email: 
Michael.Fored@ki.se 


Please state your qualifications in accordance 
with the Karolinska Institutet qualification portfolio 
available on the Web page http://info.ki.se 
Deadline for applications is October 10, 2007. 
Reference no 1368/ 07-221, Registrar, 
Karolinska Institutet, SE-171 77 Stockholm, 
Sweden. 

For the entire advertisement please look at http/ 
/jobb.ki.se/internaV/generaV/starteng.asp 
E-mail: Registrator@ki.se 


MICROBIAL 
PATHOGENESIS 


FACULTY POSITIONS — OPEN RANK 


CENTER FOR MOLECULAR AND. 
TRANSLATIONAL HUMAN 
INFECTIOUS DISEASE RESEARCH 


THE METHODIST HOSPITAL 
RESEARCH INSTITUTE 


‘The Methodist Hospital Research Institute (TMHRI) at 
‘The Methodist Hospital (TMH) in Houston, Texas, seeks 
‘several exceptional scientists studying the molecular basis of 
microbial pathogenesis. We are especially interested In senior 
Investigators with established research programs. 


The Methodist Hospital System consists of 1,450 beds, 
including 950 located in the Texas Medical Center in 
Houston, Collaborative opportunities are available with our 
partners at Weill Cornell College of Medicine and New York- 
Presbyterian Hospital in New York City, the University of 
Houston, and other local institutions. 


‘The Hospital has entered an unprecedented expansion 
‘phase that includes building a 420,000-square-foot stato-of- 
the-art research building with bio-containment and animal 
facilities, and a 750,000-square-foot ambulatory care 
building, both designed to foster interdisciplinary 
collaborative research. 


Candidates using new or proven technologies to study 
molecular events occurring at the host-pathogen interface 
are preferred, but all outstanding investigators are 
encouraged to apply. Successful applicants will be 
responsible for establishing or expanding nationally 
recognized, externally funded research programs. 


Applicants must have an advanced degree (PhD, DVM, MD, 
‘or MD/PhD). Successful applicants will receive an 
‘outstanding recruitment package. Interested individuals 
should send via e-mail, by October 15, 2007, a curriculum 
vitae; description of research interests, future directions, and. 
{grant funding information; and the names of 
at least three references to: 


James M. Musser, M.D., Ph.D. 
c/o Ms. Irene Harrison 
E-mail: iaharrison@tmhs.org 
Co-Director and Executive Vice President, 
‘The Methodist Hospital Research Institute 
6565 Fannin St., Mail Stop B490 
Houston, TX 77030 


Meth@list The Methodist Hospital 
SSS Research Institute 


Houston, TX 
LeapinG Mepicine™ 
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FACULTY POSITIONS 


NEUROSCIENCE FACULTY POSITIONS 
‘Western Washington University 
Department of Psychology’ 

The Department of Psychology at Western Wash 
ington University (WWU) & seeking candidates for 
two tenure trick ASSISTANT PROFESSOR 
pponitions in. behavioral neuroscience to begin Sep 
ember 16, 2008. These, together with a third post 
tion in the Deparement of Biology (aso advertised in 
{his fue), are part of a state funded initiative 10 
enhance a new Behavioral Neurosciences program at 
WWU- The Bychology Department issecking ful 
ty with expertise in molecular neuroscience or sxtems 
seoaatony ho ae working in re behavioral 
rneuroscience beoadh define to include persepon, 
Stent, Keamtng and memory, aid exedtve fin 
tion, Steceaful candies wil fe required to maintain 
An aaive research program involving urslergaduate 
dnd MS, graduate dents, Siccesfal craidaes 
ibe eapecte to tach undergraduate and grate new 
rencience counes, Adaitional teaching may include 
faures in scarch methous and statisti. Applicants 
‘must have 3 PhD and postdoctoral experience in 
reuroscience o a related fell, an active research 
program, evidence of an ability vo ive students 
esearch, a publication record commensurate with es 
perience, and evidence of succesful teaching. Expe 
ering wih ve andes ad Bel 
Asie, To apply, sce a of your eumew 
iim vie, stemcets of teaching nd recach ner 
ess, representative publstions, evidence of sila a 
teacher, and thc letter of recommendation wo the 
Neuroscience Search Committee, Department of 
Paychotogy, Western Washington University, 516 
High Street, Bellingham, WA 98225-9089. Re 
‘ew of applications wll begin November 1, 2007 
“Applications will be accepted and reviewed! url the 
pinto i or kiting deta ce website: 


:/ www acadweb,wwu.edu/he, Aimy scion! 
Tat Open ap 


ASSISTANT PROFESSOR, 
Maine Invertebrate Zoology/Benthic Ecology 

The Marine Science Progeam and the Department 
‘of Biologgeal Sciences at the University of South 
‘Carolina invite applications for a nine-month sca 
demic year, tenure-track, Assistant Professor posi 
tion as primary marine science faculty. A Ph.D. is 
rexuired peioe to appointment, Posteloctoral expert 
fence b essential. ‘The Marine Science Program con 
sists OF 40 faculty feom such Departments as 
Biology, Geology, and Chemistry. We are looking 
for an individual with outstanding research and 
teaching capabilities to complement cxsting peo 
grams in physical, chemical, biologieal and yeolog 
{eal oceanography” 

We sek a tina who will contribute vo our 
strengahs in estuarine and coastal ovean processes, 
Gur primary area. of interest is aioe, benthic 
ecology, bat we will consider applicants in the areas 
oF zooplankton evologs, invertebrate physiology, 
and organism/environment interactions. The sic 
cessful candidate will teach courses on meine oe 
anime and invertebeate zoology and develop an 
externally funded research program. Applications 
‘must include curriculum vitae, statement of revearch 
dnd teaching interests and goals, and at least theee 
‘references. 

Send information to: Chair, Marine Invertebrate 
‘Zoology /Benthic Ecology’ Search Committee, 
Department of Biological Sciences, University of 
South Carolina, Columbia, SC 25208. Applica 
tions should he submitted by December 1, 2007. 
For more information about the Marine Science 
Progeam and the Department of Biological Sciences 


visit websites: heap: //wwww.msciscedss and beep: /, 
srwrw bake oa he Unscony Sh Coan b- 
Afrmatire Acton, Equal Opportnty Employer. Women 


‘and notes ae ccmigged to apply 
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TIONS 


ASSISTANT PROFESSOR 
Fungal Evolution, Ecology and/or Systematics 

‘The Department of Ecology and Evalutionary Bi 
ology at the University of Ternewce (UT), Knowle, 
‘ecks to fill a tenure-track pention in evolution, ecol 
‘ogy and/or systematics of fiangi at the Asséant 
Professor level, to start August 1, 2008. Areas of i 
terest inchale fungal evolutionary anxi/or ecological 
pattems and procewes. Teaching duties will include 
Participation in both undergraduate and graduate 
Counc: with oppentuniy for development of 3 coune 
in mycology. This penition inchides superviicn andl 
‘continued development of the excellent UT fangal 
herbarium. An eamed Ph.D. and refereed publics 
tions in a relevant field are required. For more in 

on. visit the Departmen website: hetpy 


S7ohe, Rercans shod sd carom ee 
‘Ramco ofeach and aching epee: aed 


soaks, and arrange for three reference letters to be 
Submited. Applications will be reviewed beginning 
8 October 2007, and will continue until the position 
is filled 

The Uneeniy of Temence i a0 Equd Employment 
Oppornmty/ABirmsnve Ain “Te VUTile 1X/Secioa 
S04/ADA/ADEA laste i the posison of seduction 
aud employs poems and svar A quali apy 
tall ware equal caaudeson for ployee wie run 18 
rae, hr, tonal or, in, sex, fg, ml sat, 
ses ronan, age pla ot metal daly, cower 


‘The Department of Biological Sciences at Sas 
bury Univenity (SU) is accepting applications for 
‘two tenure-track positions at the rank of ASSIST- 
ANT PROFESSOR; one in the area of molecular/ 
‘ell biology and the other in entomology /general 
soology. Starting date foe both penitions is fll 2008, 
A'PRD, evidence of potential for excellence in 
teaching and research will be requiced. For farther 
infomation please we the SU website: 08. 
{Jobs fd 


FACULTY POSITIONS 


FACULTY POSITIONS 
Rice Univesity 
Biochemistry and Cell Biology 
Website: hnip://www.tice.cd/ 

Applications are invited for anticipated open 
rank faculty positions in broad areas of biological 
research, with particular emphasis in cell and devel 
opmental biology of model organisms, systems 
biology, and molecular evolution. Applicants using. 
expenmemtal and/or theoretical biclogical approaches 
thar are interdsciplinary with chemistry, physics, en 
ipecering, and computational methods are encouraged 
10 apply. Candidates must have a Ph.D., postdoc 
toral training, and outstanding potertial in research, 
and teaching” Successfal candidates are expected 10 
develop and maintain a vigorous research program 
supported by extramural funding and participate 
in graduate and undergraduate education. Review 
‘oF applications will commence November 1, 2007, 
Snd continue until the positions are filled, Please 
send letter of application, curriculum vitae, summary 
fof pust research, and statement of future research 
plans, and arrange for four letters of reference to be 
Sent to: 


Dr. J. Braam, Chair 
‘Biochemistry and Call Biology, MS140 
hie Univeniey 
P.O, Box 189 
Houston, TX 77251-1892 

Re Uso at Eual Crp iAfiate eh 
Eapleges snes a warty tonbaes a Sptaly vn 


ge aly. 


PROKARYOTIC MICROBIOLOGIST 
Tenure-track ASSISTANT PROFESSOR, be 

sSnning August 2008. Teach microbiology and spe 

Salty courses, develop an active research program 

involving undergraduate and MS. stents, and seek 

‘extemal funding (sce website: 

fd /artsci/biology/m 


tacuhue Vex, eseavh plas, extent of aching, 
Hilowpty, and ical underpadiae and. gadute 
Tramerpe, and have thee leten of recomatons 
sc Chi, Mable Search Commies, 

‘of Biology, Villanova University, Vil 
lanova, PA 19085, Coraileration of appianions be 
{brs 13 October 2007, Vilna 3 Roman Cathal 
trverity sponsored by the Augustinian onkr. Ae 
the Adie/Lpud Empl Opp ony Vian 
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ASSISTANT PROFESSOR 
‘The University of Chicago 
Department of Chemistry 

‘The Department of Chemistry of the University 
fof Chicago invites applications. fron “outstanding 
individuals for the portion of Asitant Profesor OF 

Ghermistry. This seach in the areas broadly de 

fined a morganic, organic, and physical chemistry. 

Applications must include Cuculum vitae, list oF 

plications, and a succinct outline of research plans, 

Bnd be supported by three letters of recommenda 

tion. Subet materials by mail addressed, as appro 

{esate to: Inorganic Search Committee, O 

Scarch Committee, or Physical Search Committee, 

tment of Chemistry, Office of the Chairman 

(Ghj 222), The University of Chicago, 5735 5. 

Ellis Avenus, Chicago, IL 60637. Review of 

completed applications wil begin October 1, 20075 

to ensure fal considerion, all materia shoul be 

Ssiomitted by that date. Cisiey of Chae is at 

Anat Ac qual Opry Eager 


aww. sciencecareers.org 


ASSISTANT PROFESSOR 
DEPARTMENT OF GENETICS 
HARVARD MEDICAL SCHOOL 


‘The Department of Genetics invites applicants for the tenure~ 
track position of Assistant Professor. We are searching for 
individuals with a strong potential for imaginative research in 
any area of modern genetic or genomic analysis. This position 
offers significant scholarly and scientific resources as well as 
the opportunity to teach graduate and medical students 


For further information about our Department, please see 
‘our Web Page: 
Inttp://genetics.med.harvard.edu 


Applicants should submit electronic copies of curriculum 
vitae, bibliography, a brief description of research accom- 
plishments and future research interests (limit to 500 words) 
by October 31, 2007, and ask three references to provide 
Icters of recommendation, These materials should be sent 
to the following email address: 

faculty search genetics.med.harvard.cdu 


Harvard University san Equal Opportunity/Affirmative 
Action Employer and encourages the applications 
‘of qualified women and minorities. 


Huntsman Cancer Institute 
University of Utah 
Huniaman Cancer Institute and academic departments a the Univerity 
of Utah are receuing tenure tick secetists to exabih lboeatoey’ based 
Programs in cancer mecharwoms, eumorgenesis minels and transbtweal 
research, Mechanism topies might inchade cancer gencues, signal tans 
duction, eel eowth and death, developmceeal mechariuns, regulation 
Of gene expression, DNA repae and nocogene/uee suppeesse func 
tion. Translational research topics might include mokeulae diagnostics, 
chemopwevention, and tumor mates Candidates may bol! MD, PRD, 
tor MD/PAD degrees: assistant of associate professor rank is mast dese 
able, but senice level appoinamsents will be coosidered. Cardilatce wll 
complement these areas of interest and strenggh: melanoma (eancet 
_genetcs apoptosis regulation, miclinooyte biology, chemoprevertion, and 
drug. development) gatroantestinal (APC/wat agpaling, cancer genetics, 
and colon and pancreatic cancer models}; pediatnc (sarcoma, leukemia, 
and acuro-oneoleg): gyneentogieal and thoracie cancers. Appeaearacees 


will be madein appeoprate depattmients cluding Oncolngial Sec es, 
Pediatrics, Dermatology, Obstetrics & Gynecology, and Surgery. 


Huntsman Cancer Institute is an NCIdesignated cancer center wih 
shared resources that support imaging, molecular, and biechemical 
analyses as well as genetics research in human popuiltions ant model 
systems Uth genealogical records linked to SEER eancer registry data 
and University of Utah Hospeal matical eeneds provide aunique research 
resource. Visit wewhuntsmancancerorg and wwwhse.utah edi 


for mote infemation. 


Submit a curriculum vitae and a decrption of research interests and 
accomplishments with three letters of recommendation by November 
16, 2007: Hungaman Cancer Institute, University of Ua, Attn: 
Recruitment Office, 2000 Circle of Hope, Sale Lake City, UT 84112- 
15550 or e mail hei.recruitmene@ hei.utah.edu. (Applications accepted 
until posiions fille) Ena Opperarain/ Afireatie Action exo Wes, 
inert, aud international candidates envaragd b 478%, 


Department of Communication 


College of Agriculture and Life Sciences 
Located in thaca, N.¥., Comell University is a bold, innovative, 
inclusive and dynamic’ teaching and research university where 
staff, faculty, and students alike are challenged to make an 
enduring contribution to the betterment of humanity. 


‘The Department of Communication at Cornell University invites 
applicants for two tenure track, open rank professorial faculty 
positions appointment starting July 1, 2008, At least one of the 
Positions will be filled at the rank of Assistant Professor. We 
fencourage qualified applicants of any rank 10 apply for either 
position. 

‘SCIENCE, ENVIRONMENT, AND/OR RISK COMMUNICATION: We 
seek a colleague to conduct research and teach in the area of 
science, environme ion, We 
‘welcome innovative and imaginative scholars who approach the 


psychological, sociological, or institutional yantage points 
using  qualitaive or quantitative methods. The science, 
environment, and risk area constitutes 0 

Sirengths: applicants whose work. © 

Strengths in communication and information technology” and in 
media studies are particularly encouraged to apply. All materials 
should be sent to Dr. Bruce Lewenstein, Department of 
Communication, 321 Kennedy Hail, Cornell University, Ithaca, 
NY 14853, For additional information, e-mail Dr. Lewenstein 
(balewenstein@ cornelLedu) or telephone 607.255.8310. 
COMMUNICATION AND INFORMATION TECHNOLOGY: We seck a 
colleague to conduct research and to teach in the area of 
‘Communication and Information Technology, with an emphasis in 
‘one or more of the following: 1) Human-Computer Ineracts 
Computer-Mediated Communication, 3) IT in organizations 
Technology and Society. ‘The communication and i 
technology area constitutes one of the Department’ cores 
applicants whose work contributes 10 other core strengths in media 
Mudies. and in science, envionment and. risk are. particulal 
encouraged 10 apply. All materials should be sent to Dr. Jel 
Hancock, Department of Communication, 320 Kennedy Hall, 
Cornell "University, Ithaca, NY 14853. For additional 
information, e-mail Dr. Hancock (jth84@cornelledu) or 
telephone 607.255.4452. 

Successful candidates for cither position will have a PhD. 
Communication or closely a 

of developing) a national and intemational reputation do 


science who will develop a research program 
ind university priorities in applied social science, information 
Science, the new life sciences, environmental issues, andor public 
ouireach. In the Department of Communication we focus on a 
number of subfields including social psychology _ of 
Communication: language and communication; science, risk, 
fenvironment, and health communication; human-computer 
interaction: mdi communication and sity: and onsaizatinal 
Communication. Both positions will involve 80% research and 30% 
teaching responsibilities: publishing in peer-reviewed literature in 
relevant fields is expected, In addition, successful candidat 
expected 10 secure extemal research fun 

faculty teach two to three undergraduate an 

per academic year, and advise students in the Departments B.S., 
MS. and Ph.D. programs, 

Comell offers a highly competitive salary and benefits package 
Support for star-up research costs will be available. Women and 
minorities are especially encouraged to apply. Applications will be 
reviewed beginning October 15, 2007 until candidates are selected, 
For more information about the Department of Communication, 
please visit our website: http://www.comm.cornelL.edu, 
‘Application: Send letter of application addressing. posi 
‘qualifications and goals, vita, official academic transcripts, wri 
SSmple, names and coniact information of three references. Please 
also have each reference submit a letler of recommendation. 


ea 
Comell University | 


Equal Opportunty Employer and Educator 


hhutp://chronicle.com/jobs/profiles/2377.him 
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FACULTY POSITIONS 


RUTH C. and ANDREW G. COWLES 
PROFESSOIE of BIOLOGY NEUROBIOLOGY 
“Teinty Univenity San Antonio Texas 

the Biology Deparment of Tent Unies 
seckt foal tran! NEUROBIOLOGISE fr 
the Ranh Co aod Anew G. Cowles Protaor of 
logy: We ore scarcng fs cone what 
Coabllhed room of selanhip sod vsching coor 
teomues nists guiceed preemonge The pe 
tion proves a compestve slay and dedpeted 
Funds br roeach sopyone Thc aecenfel coticce 
will each newcbiobs caesar wo the Bog cor 
ulm aukue ungated rd pene 
Iesdcchip fora pete incrdecimy nape, 
fence The nie expe ol 

Saectte ec progres icon erp 
rou scr cared vac, Hate 


interests, and contact info 
‘ences to: Prof, David O. Ribble, Chair, Depart- 
ment of 


to eu: deipbleriity.edu.Teny Unive 
is. a private, independent, primarily undergraduate 
institution that emphasizes quali’ teaching. and 
active research Adlitional information ean be found 
2 webnite: tp: / /www.trnity.cde 

biology. We til begin reviewing ‘candlates. 22 
‘Ocrobet 2007. Hie sd micas toy 
eset apy. Taniy Ur a Fgad Oppo. 
tinty Epo 


The Department of Mologica Sscnees at Le Moyne 
(College secks to terure tick ASSISTANT PRO- 
FESSORS to heyin August 2008. Responsibilities 
for penition one incl teaching cores tn ences 
and bioinformatics, Responsibilities for postion two 
include teaching in an eventually coordinating 4 
‘multsection anatomy and physidlogy course. Add 
tional responsibilities foe boxk positions include 
teaching uppertevel courses in applicant's area of 
expense, adsising biology majors, and implement 
ing a research program that encourages undergra 
tluate patiipation; ability to teach in ineeoductory 
{oF nonmajors courses ewentil. Ph.D. required at 
time of appointment; undergraduate teaching expe 
rience prekereed. A leter of application (indicatng 
posi soe) wih crc ve, ac 
find separate statements of teaching, philosophy. 
‘esac rot ht be sit elernicy 
to e-mail Jemoyne.cdu with 2 subject 
linc of ether BIO Genetie, ov BIO. Physiology. Ad 
ltioally, please arrange wo have thres lttrs of ee 
‘ommetaaton sent electonically to thisadres with 
the appeeprite positon subject line. Review of ap 
plications Will begin October 5, 2007, and continue 
lu the postion filed. Visit oe webpage at weit: 
Inetpr//swww.lemoyne-ed. 

Ee Moyne Cle El Oppo Ene and 
moe i re ok, al Ss lt 
‘pope 


ASSISTANT PROFESSOR, 

‘The Department of Biochemistry and Molecular 
Biology, Brody School of Medicine at East Carolina 
University is seeking applications for 2 tenure track 
position av an Awistant Professor. Preference will be 
feiven co candidates having basic research expertise in 
Areas related to obesity and diabetes. The candidate 
will be expected to actively participate in the teach 
ing mision of the Department and develop a suc 
ccessftl externally funded research program. See 
website: https://ecu.peopleadmin.com/appli- 
Shs/ Cant ged 2036 To ad 
electronic application. Ext Carling Uiweity & a 
pial Opportinty/Afiestve cio Univety tha em 
modes tidal with sabi alicia sxpsing 
‘eommodatoa der the aAmencans with Desbiines Alt 
Should exact the Department fv Disability Support Sets 
At telephones 252-737-1016 ie! TTY). Proper dose 
Imewtatin of deity and employaly ried atthe ine 
af eamloymene 
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FACULTY POSITIONS 


LEHIGH 


UNIVERSITY 


ASSISTANT PROFESSOR 
Microbial Genomics 

Lehigh Univeni's Deparment of Biological Sci 
exces (echo ipi/ (eww ichlghsa/ abies) 
foes opbonions Bes tice ret Aste Re 
‘Enor potion in ecrobial genomics to beg a fll 
2008. Appizans with eapaine ta cvchonary ge 
nomic, fincioed geacia, or tems Bidogy a 
Sppliol wo micribe are paroulty encouraged 0 

ppl. The snccenfal candidate will have the poten 
tal Gr demonstrated abi to generate extramural 
fading and 3 commitment wo insractional excl 
lence a the undergraduate a graduate loves The 
College of As an Sciences a Lehigh & cope 
inert in qualified candidates ws can cone. 
tte, though thee rescarch, teaching. and/or ser 
Sic, othe iveniy and excdllence of he academic 

“Applications should be direaed to: Prof. L 
Canimeriy Chale, Microbial Genomics Search 
Connie: Ema: inbiw@hige. Sr ar 
Ticulum vac, repesntaive publiations, description 
Strscath and teacng intrest, ad fortes 


Research Drive, Lehigh University, Bethlehem, PA 
18018. Deadioc fer submision & December 1, 

Lehigh University i a Equal Oppounty Afianative 
Adon Employer. Legh Univenity provi compuchanie 
Bancfes indie pane bemi 


DEPARTMENT of ECOLOGY and 
EVOLUTIONARY BIOLOGY 
University of Connecticut 
LANDSCAPE to GLOBAL-SCALE ECOLO- 
GIST. ‘The Department of Ecology and Evol 
tionary Biology at the University oF Connecticut 
{Gvebnite: ps7 /wwr.cebsucontiedu) announces 
tenure track ASSISTANT PROFESSOR position 
for an AQUATIC of TERRESTRIAL ECOL 
OGIST working at landscape to global scales 
owible esearch ares include, but are Hot limited 
to: patch dynamics; metapopulation, ‘metacom 
fmumty, oF landscape ecology, phylogeography, 
biogeography, macroecology, species dstnbution 
modeling, pakcoecology, or Bioal change ecology 
Gandidates! whene research ‘and teaching saterets 
integrate aspects of the Department's core strengths 
it exology, conservation, evuliion, and systematic, 
in the wnler context cf the campus community of 
‘nvircnmental scientists and engrcers will bef 
Steed. Qualifications: Candidates mst have a Ph.D; 
ppentdoctoral experience i desable. A later of ap 
ppcation, statements of research and teaching inter 
es, cuniculi vite, and hee Ktce of reference 
Department of ology and Bvlutonsry Bio 

rent and Evolutionary Biolo” 

1, Unie 3048, Univer of Connecticut, Storm, 
06269-3043. Elecronie applications (scr 10 
e-mail: kathleen-tebo@uconnedu) are strongly 


‘CONDENSED MATTER/BIO SEARCH 

“The Physics Department, the James Franck Inst 
sir nd he tater Bp Dara 

verity of Chicago inwte applications for 4 
tenure-track fculsy appointment in the areas of ex 
Ferimental biophyaice and experimental condensed 
fatter pysics The appoantment will startin the fll of 
2008. The saccental cance must fave 3 doctoral 
in pis or relted felch and expected) 

SEL an independent research progam while 
eset contbuting tothe Pea Deparnet's 
<kngraduate and graduate teaching programs 

“The appoinument & expected 10 be at the AS- 
SISTANT PROFESSOR keel. Appoinument at the 
level of ASSOCIATE PROFESSOR or FULL PRO- 
FESSOR is possible for exceptionally well qualified 
cnalates. Applicants should send curiculum vita, 
Sst of pubiictions, a bef research statement, and 
Srangs uo have atleast des referent leters sent tr 

Professor Heinrich Jaeger, Director 
James Franck Instiutey C1S E143 
The University of Chicago 
‘929 E. 57th Street 
Chicago, 1L 60637 

E-mail inquires should be sent w Ms, Rosemary 
Garrison at cumall: rg-garrivon@uuchicago.cdu, 
Review of applications al tart in the fal of 2007, 


and will continue until the position é filled. To en 
‘ire ful consideration, applications should be re 
‘aived no ater than November 1, 2007. The Ces of 
Chi at East Opponnty, Afnatve Aa Empl 


‘TENURE-TRACK BIOLOGIST 


“The Univensty of the South seeks to hire a t 
tack ASSISTANT PROFESSOR of Biology 


‘kngraduate cours in nomi, molecular gentle 
cand cv 

iat at 
‘cach program with opportunites for under 
tae ele, Candi sh ethic 
Show developing teaching an research pogeats 
in the conte ofthe liberal ans tradition in ed 
acon, The College of Liberal Ans an Scences 
the University hat an undergraduate enrollment 
Sow 1,400 ands located on a biologically diene 
10,000 acre camp en Tennc’s Curbed a 
tea, Review of applicants wil begin on Octaer 8 
3007, tur appicitons wil be accepted unt suit 
She candidate i found, Send alee of appheaion, 
Surculuae, atementsofteaching and reseirch 
intrest, tramripen and thee eters of referee 
th: Tereia Smithy Personnel Servic, 738 Univer: 
sity Avene, The Univenty ofthe South, Sewanee, 


‘TN 37383, Submissions via e-mail are’ prefers 
send to e-mail: tersmith@sewancecedst. More infor 
mation about the position «an be found at website 


hhetp:/ /www.sewanee.edu/biology/search. hem! 
The Ueaity of Se ath is Egual Opparannty Eine 
pop. Montes ad wwe ave ens 18a 


VERTEBRATE BIOLOGY FACULTY POst- 
TION. The Department of Biology at Clark Uni 
versity, Worcester, Massachusetts (website: he 
seww.clarku.edu /deparements/biology/) invites 


cfr Review of apeaons will bog Nove 
Te TT 3007, and conte wnt the ponton tld 
A ok Une of Camaro de eet ids 4 
seine te Lag aly dene omemany. WE 
‘ciemagemeabcn of maeepese pei, lig 
teria women, al pepe alt aly 


ASSISTANT PROFESSOR. Tenure-track fculty 

crtion in Department of Chemical Engineering ard 

rah Seve at Unienty of Caloris, Davin 
fmuteruls science, chemical engincering, chemistry, oF 
related Giscipbne requized. Apply at website: hegp-//- 
sew. chms.uedavineduZemplorment/. Postion 
SRSA ed or ue sntre Ma ecareaion 
Subst applications no ister than October 30, 2007 
Start date July 1, 2008. UC Dew & = AS 
Acion Equal Opperemity Employer, and is dedeate te 
tenting dive acy Comme. 


Spplicauons for a tenure tack appeantment at the 
‘tank of ASSISTANT PROFESSOR, to begin fll 
2008. ‘The successful candidate will be expected to 
develop an externally funded research program in 
ny. area of vertebrate biology involving Ph.D. and 
undergraduate students, ‘The candidate will teach 
a reece esate tae eee 
appropriate courses. Applicants should submit cur 
faculum vitae, summan’ of research and teaching 
interests, and’ three publications. ‘Three letters of 
reference should be received by the Search Com- 
mittee prior 10 October 15, 2007, for full eon: 
sileration (e-mail: vert@dlarku.eda). Please see 
webs swww.clarku.edu/offices/he, 


to e-mail: sfoster@elarku.edu. five Ace put 
Oppoaonity Exployer: Mineiter snd women ae copay 
outage 1 apy 


ywew.sciencecareers.org 
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FACULTY POSITIONS 


ASSISTANT PROFESSOR, Chemistry/Bio- 
chemistry. The Deparment of Chenseal Sences, 
Bedlewater Ste Coleg, Brdgewste, Mana 
sett invites applications fra new fll ine, tere 
track Amistant brofeuordip bepaning in Scpeember 
2008 The suc canine wl ave» a 
commitment wo undergraduate teaching (copes 
iochemiary and introductory chemistry) sd de 
Scloping earch pean aruiate 0 a 
tradgtr edn ATP) ra doers shes 
‘ada esearch pram} 

"Ah. and pontoctoral experince in biochem 
inry n'a reltell aes are required, are excelent 
cal an wren cman sil, Po alee 
teaching experience fs prefered, as are candalates 
‘vith 2 backround in one or more ofthe following 
reac toncology, anaycal Hochemry, computa 
sonal Woche, bua choy 

To apps esse vit ue employmene website: 
uspi/D www bridgew.cdu/HR/JobLiney and 
Fabel esronteli sar Of apeaton new 
iim sts, and sstements of tacking plilonopy 
dnl recarch plane. fe atin, plese eu ofl 
iraluate warscipes an avange wo have tee letters 
‘if recommersation sent wo: Chale, Faculty Search 
Committe, De ‘of Chemical Sciences, 
Bridgewater State College, Bridgewater, MA 
02348, Review of comple applications wil begin 
fon October 19, 2007, and tine und the po 
Sion tte 

Ther Sie Cale a Aoi Aton pd 
COppamity payer the ate ase arose the 
fey fe 


‘The Department of Chemistry and Biochesistry 
at the Univenity of Maryland, Maltimore County 
(UMBC) invites applications for tenure-track faculy 
ppovitions in the areas of Wechemstry physical cher 
Kty, and organic chemistry (including biophysical 
and bioorganic) to begin Aust 2008. All penitions 
fre anticipated to be filled at the ASSISTANT PRO. 
FESSOK level, although highly qualified applicants 
will be consilerat for appointment at a higher level 
Sacco cannes ae excel to eta wrong 
research progyans and teach at both the ubslergrad 
tite and yadate hoeh Apion sheik soe 
‘urriculu sitae, description OF research plans, 3 ate 
tment of teaching philosophy, and arrange fo three 
leery of recommendation to be sent to: De. Lisa 
Kelly, Chair, Faculty Search Committce Depart. 
‘ment of Chemistry and Biochemistry, University of 
‘Maryland, Baltimore County, 1000 Hilltop Circk, 
Baltimore, MID 21250. Electronic submissions can 
be made (0 email: chemsearch@umbcedu. UMBC: 
sn Egil Opponnsty Aime Aton Tamper, and = 
atau fo wom, mses al wale wed ans 
fi pel ensoraed Appian wl be eval on po 
‘it ae ied 


UNIVERSITY of VIRGINIA 
Department of Chemistry 

We invite applications fora tenure-track ASSIST- 
ANT PROFESSOR ‘i the field of chemical biol 
‘ogy, beginning August 25, 2008. Selection criteria 
will include a Ph.D. in. relited fick, a strong record 
OF innovative rexearch, the potential for etablshing 
fan active and highly vile research program, and at 
interest and commitment to teaching excellence. Ap 
pilicants with rescarch interests in chemical genetics 
and functional proteomies or in emerging areas of 
bioanalytical, biophysical, and biomaterals chemistry 
are particularly encouraged. Search Committee re 
‘View of applications will begin October 31, 2007, 
hut apphations will continue to be accepted for cor 
sideration until the position & Slled. Applicants should 
send curriculum vitae, a brief description of fixture 
research plans, and arrange for thees letters of ree 
tyemerlton Yo be ent: Chair, aculy Search 
‘Committee, Department of Chemistry, Universit 
‘of Virginia P.O, Box 400319, Chariots, VA 
22904-4319. The Unvrity af Vigna te an Exod 
Opporunity/Afiematve Action Exnployer and. stay 
comentod to baling docs within ts mani. 


1594 


14 SEPTEMBER 2007 VOL317 SCIENCE 


FACULTY POSITIONS 


ALMA 
COLLEGE 

MOLECULAR BIOLOGY. ASSISTANT PRO- 
FESSOR, full-time, tenure-track position in biol 
gy. A PhD. is required and position stars fall term 
2008. The Biology Department seeks an individual 
With demonstra skill in, and commitment to, un 
dengradhate teaching and research. ‘Teaching respon 
“Sblities will nchade gence genetics lin Lbersterics, 
3 nonmajor inteoductory tology coune, seminar, 
and an eee upp vel cone arate 10 re 
[profixsionals. Area of specialty could inde he 
based genetics, histology, endocrinology, or moleculr 
pathology. Interest in interdsciplinary applications 
Particularly weleome. Review of applications begins 
October 24, 2007. Applicants should provide cur 
riculum vitae, a statement of teaching and research 
interests and expertise, and arrange for offical grad 
uate transcripts and three leters of reference wo be 

‘Dr. David lark, 


sen to Department of Biology, 
Alma 614 W. Superior Strect, Alma, MI 
‘48801; telephone: 989-463-7058. For more infor 


‘mation, visit oue website: hexp:// www.alma edu, 


bepi// www.sknscdu/ 
jcademics biology. Alma Callge a1 lffomaive 
iE al Oppwtinnay Eph yer 


‘TENURE-TRACK POSITION in 
‘BIOCHEMISTRY 

Applications are invite fora tenure track position 
in brochemiary in Macalester College's Deparment 
$F Mealy 3¢ the ASSISTANT PROFESSOM rank 
tegineing fll 2008. We seck applicants who. ae 
commated to exceence in teaching at the under 
fraduate lve and who are dedicated to developing 
Sh active roearch program that engages stants ot 
research, Move detabean ths pontion are aval 


at website: heep://swww.macalester<du/prowost/ 
sitions, 


ETE GRY forthe oslo, sea ser, conte 


lum vitae, statements of teaching philosophy and 
research plans, and thee letters of reference” to 
Professor Lin Aanonsen, Chair, Department of 


receive fint consideration. Macalester Clee ia se 
leatve, private liberal ats college in the Minneapclis 
St, Paul metropeditan area. The College pees itself 
pong spurt fr exclence i eching a 
in faculty scholarship, Av at Equal Oppwsunty Employer 
supp: of afiematoe ats te abies day among 
Jciey, Masilster College twnely onowrge apie fom 
omar aud member af wadonpreseeed manor goepe We 
tre cxpeclyfrcted tr cards comms i vr eth 
leaden of dvene bara 


ASSISTANT PROFESSOR 
Plant Biology/Borany 

The Biological Sciences Department of the Uni 
venity of Wisconsin, Parkside, seks 2 PLANT BI- 
OLOGIST or BOTANIST 10 Sill 4 tenure-track 
sistant Profesor (nine-month) position to 
‘August 2008. Applicants must Bave a Ph.D. and 
postdoctoral experience. Applications received by 
November 1, 2007, are ensured full consideration; 
position & open until filled. Send a letter of appl 
“ation, vitae, reprints, description of research inter 
‘ots, 2 statement of teaching phdowophy and three 
Testers of reference to: Search Committee, De- 
Ferment of Biological Sones, Universioy of 

isconsin-Parkside, 900 Wood Road, P.O. Box 
2000, Kenosha, WI'53141; telephone: 262-595- 
2744. A full ancouncement can be obtained onkine 
at website: htep://reww-uwp.edu, keyword jobs, 
then Ellon Cnecseeed PestoesTek: UW, Pata 
& an Aflac Aco Exped Employment Opposing B= 
pope. Pinom with Distt, Minctin, Veteans, Women 


FACULTY POSITIONS 


ASSISTANT PROFESSOR 

(Molecular Microbiology Immunology) 

The Deparment of Biologia! Sciences t Purdue 
UUiverite Calumet insite applications for a tee 
track postion to begin in August 2008, A PhD. 
Agree and exec verbal /wntten communication 
Sidi are requir. Ponoaoral experience & pre 
Fered. Resporbisis wil nce (1) teaching un 
derpraduate and graduate coures im miicrobilog, 
inetunology, upper diviion cours in ares of 
tapenine ad pucesaly introductory biology, (2) 
Sstblsting a ras extramural funded rescarch 
Feowam, involving waluate undergraduate st 
St ht al cmp enone en 

arisen strengghs in taecuae logy 
thttecinology, and (3) sence to the Univer 
Tandve Unenity Calumet, the Chay area eam 
pref the Pure Unverny sary an MS, Com 
FrchersiveUnivery wi over 93400 wudnt, 
Shih apposimatcly 425 undergraduate majors and 
3oT alin woes ae ed nae Dupar 
iment of Biologia Sclnces(webwite: btgi// 
Salumet.purdue.cdu/biolo ie 

cations wll begin November 3007 and con 
Se wt she poo i led ng rey of 

ication mating teaching. philosophy and re 
‘Shchinre clam ine, conte of ra 
Sic /undergradate tanscrips, sod ree on 
ictees of recommendation with contac 


(e-mail: biosearch@calumet.purdue.edu). Prutie 
Uaventy Cale Wan lipal era ped Oppo 


Afioanve Aso Employer 


ASSISTANT PROFESSOR, PLANT BIOLOGY 
arenent of Biologia Scences,Cafrala 
ty, Los Ange, ace o fila Tenure 
Track Postion in plant Inoogy xing ll 2008, 
A'TRD. in biology, botany o relate fel is 
‘quired, with a minimum of one year af ponidctoral 
Cxpericnce pefered. The candiate Isc 
tcc undergrad arate cue ance 
is program devebypnent and eaablah ah eater 
finded racarch program ivelving wena 
dia Alaters dors The cand ic ako expected 
to paracjune in Univers service, and to prove 
Scalemicndvisement to otaent oben curtain 
Siac, research plans, statement of teaching. ph 
Tosophy, and three Keer of reference to: Search 
Commitce Chair ~ Pane Biologist, Department 


Of Biological Sciences, California State Univer: 
sity, 5151 State University Drive, Lox 
Angeles, CA 96032 (e-mail: plapolt@exchan, 


calstateluedu). Review of completed appheations 
‘ill Begin November 1, 2007, and may continue until 
position is filled, EO/Tile IXVADA Employer Quali 
tome and mae are encouraged 8 apply 


FACULTY POSITION at the 
UNIVERSITY of PUERTO RICO 
“The Department of Biology of the University of 
Pucrto Rico at Rio Piedras ( it 
edu) invites applications for a tenure tac 
Parte ta oinfocmncs, Candidaacs wich expertbe 
fn evolution, proteomics/ genomics, and physiolog, 
teal systems are preferred Applicants must hold’ a 
Ph.D. or equivalent and have posuloctoral experi 
ence. Cannidates are expected to develop active re 
Search programs and 16 teach at the graduate and 
undergraduate level. Interested persons should send 
rewime, a statement of current and fature research 


P.O. Box 23360, UPR Station, San Juan, PR 
00931-3360 or e-mail: ackerman.uprégmail 
om, Applications wal be rctewal Fost Osuser T; 
‘YOU7, until the position is filled, Uireity of Paes 
‘ited ae Equal Oppormnty Employer 


yaww.sciencecareers.org 


FACULTY POSITION 
SEALY CENTER FOR CANCER CELL BIOLOGY AND 
DEPARTMENT OF MICROBIOLOGY AND IMMUNOLOGY 
THE UNIVERSITY OF TEXAS MEDICAL BRANCH (UTMB) 


‘The Department of Microbiology and Immunology and the Scaly Center of Cancer Cell Biology at UTMB are secking an experienced 
researcher for a tenure track position at the Assistant or Associate Professor level. Candidates are expected to engage in rescarch and 
teaching activities in the Department and in campus-wide programs in cancer and immunology. The candidate should have an MD, DVM, 
PhD, or MD/PhD degree and a background that includes the potential to build a strong extramurally funded research program, 


Preferential consideration will be given to those with a research background in the areas of tumor inflammation, tumor immunology, 
tumor microenvironment and tumor cell biology. The successful candidate will have demonstrated academic scholarship in the form 
‘of publications in major peer-reviewed journals and a record of continued extramural research funding or the potential to establish a 
funded program. 


Recruited faculty will be provided with generous start-up packages, competitive compensation and benefits, modern laboratory space 
Within the center, and access o state-of-the-amt core facilities. Diversity is a key UTMB core value, and actively sought in our applicant 
pools, including, ethnic, cultural, gender and research interests. The city of Galveston, a popular tourist destination that includes beaches, 
museums, historical sights, four cruise lines, and excellent restaurants, is 45 minutes away from Houston, the nation’s fourth largest 
city, The University of Texas Medical Branch (UTMB), is the oldest medical school in the state and has a research base that rivals most 
Public universities in the country. ls collaboration between departments in both conducting research and teaching is one of the strengths 
of the institution, 


Applicants for an assistant professor position should have at least three years of post-doctoral or equivalent experience and a strong pub- 
lication record. Candidates foran associate professor position should have established, funded research programs and a strong publication 
record. Please send clectronic copies of a curriculum vitae, statement of research interests and goals, and the names of four references 
to: B. Mark Evers, M.D. Sealy Center for Cancer Cell Biology, The University of Texas Medical Branch, Galveston, Texas, http: 

Jveww.utmb.edu/seceb email: replyseeebva utmb.edu. 


UTMB is an Equal Opportunity, Affirmative Action Institution that proudly values diversity 
Candidates of all backgrounds are encouraged 10 apply 


Yale University 
School of Medicine 


FACULTY POSITION AT THE JUNIOR 
‘OR SENIOR LEVEL, 


DEPARTMENT OF CELLULAR AND 
MOLECULAR PHYSIOLOGY 


‘The Department of Cellolarand Molecular Physiology seeks applicants 
fora faculty position a the junior or senior level. Candidates must bold 
PhD., M.D.,or equivalent degree. The candidate's research interest 
should be in the general area of cellular and molecular physiology 
\ith particular emphasis in integrative or translational research and in 
genetic model systems. Outstanding candidates working in other areas 
of cellular, molecular, and systems physiology are also encouraged to 
apply. Excellent opportunities are availabe for collaborative research, 
as well as for graduate and medical student teaching. 


Applicants should include a curriculum vitae, a statement of research 


Department of Cellular and Molecular Physiology 
‘Yale University School of Medicine 
333 Cedar Street 
P.O. Box 208026 
New Haven, CT 06510 


Application Deadti 


jovember 1, 2007 


Yale University is an Affirmative Action Equal Opportunity 
Employer. 


Department of Biology 
University of Nevada, Reno 
Ecologists (2) and Developmental Biologist 

The Biology Department at the University of Nevada, Reno (UNR), seeks 
ELOPMENTAL BIOLOGIST for 
008. The department has targeted EECB 
{ccology, evolution, and coaservation biology) and developmental biology 
as its two strategie fot foe growth. The department's ECE faculty have 
well establish excellence in conservation biology. conservation genet 
ics, behavioral ecology, and evolutionary ecology. The ecology positions 
ue: (1) ASSISTANT/ASSOCIATE PROFESSOR with srong interests 
in coaservation biology and (2) ASSISTANT PROFESSOR with area of 
specialization open. Nevada remains one of the least studied punts of North 
America, and there are many ecological and conservation challenges in the 
Mojave Desert, the Great Basin, and nearby California. Diverse funding 
‘opportunites exist for esearch onthese challenges. Ou five developmental 
biologists fom the core ofan emerging area of excellence thatis well funded 
by Nill and NSF. For the ASSISTANT PROFESSOR of developmental 
biology positon, research interests can be in developmental biology 0 
in another complementary area of cell or molecular biology. UNR. has 
‘outstanding cor facilites for genomic and proteomic research. The suc- 
‘cessful candidates will be provided with competitive sar-up puckagesand 
‘ill be expected 10 maintain nationally reoogsized, extramurally funded 
‘esearch programs. The Department as ~ 620 majors,~ 45 MS and PhD 
sudents, ~24 state-funded faculty, and averages ~ $4 million/yr in extra- 
‘mural awards. Reno sits the eastern flank ofthe Sierra Nevada in close 
‘proximity to desert and mootane field sites and to Lake Tahoe. Reno was 
receatly rated one ofthe best small cities in the US for overall quality of 
lie. Applicants should send application eter, curriculum vita, faement 
‘of research plans, and cotact information for 3 references electronically at 
‘website: htpz/mewaumrsearch.com Please specify the position fr which 
you are applying, For complete position announcement and requirements, 
Visit website: http:/jobsunredu. Applications received by October 18, 

2007 will receive full consideration. 


Equal Employment Opportanty/Affrmative Action. Women and under- 
represented groups are encouraged to apply. 
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CULTY POSITIONS 


FACULTY of HEALTH SCIENCES 
Queen's University 
Kingston, Ontario ~ Canada 
Department of Anatomy and Cell Biology 

Aaplictions are insite for a tenure track appoint 
‘ment tthe rank of ASSISTANT PROFESSOR. A 
PRD. and/or M.D. D.DS. o¢ DVM. degree and 
4 minimum of two years of postdoctoral experince 
$re required, This adveruscment directed to out 
‘taning candulates who have established or planed 
rocarch programs with a strong mokeular ad ce: 
iar background in. developmental biology. The 
stccenfll eandite wil teachin one OF owe of the 
following ‘ress embryology, human yposs anatony, 
Iistelogy ell bolo, neuroanatomy 

‘Candaltes ae to Torward 3 later of application 
together with cursculam vitae a the namie td con 
{ct information of the references to: De. Chatfes 

ppoinement Committe, Depart. 

ment of Anatomy and Call Biology, Faculty of 
Heakh Sciences, Queen's University, Kis 
Ontario K7L 3N6. Review of 
‘ence on November 1, 2007, and 

ction sled. Letiers of reference wil be request 
{nly tom thon candidates who ae shore 

The Cnverany ste apis fo all gad 
it, Ques Unieety © coma ve onplymon pty 
fin dey i te worplaeand wom apps ow 
{ren rote minting poe, prs et dar 
sites, ad peo of ay sea via or gn ey. 
Hea Ques ae gore by wea agent 
Teven the Queen's Univer aly and te Unie 


ASSISTANT PROFESSOR in BIOLOGY 


The Department of Biology at the University of 
Nonh Horata invites applets ca 2 teoure track 
Assistant Profesor in toxicolo ag, At 
008 Candas ha hae 2 MDs fae Boge 
sciences or an appropriate related fk, a commitment 
to undengraduate education, and the potential £0 es 
tablish an independent extemally finde research 
{gram appropriate for student participation. Teaching 
‘ill inchide undleryaduate and Master's vel counes 
in the area of spevialty and shared responsibilty for 
introductory courses. ‘The Department is growing 
rapidly and has a new Hagship Program in Coastal 
Tilley. For more information visit website: 

duet Candtes mint co 
Salton) rad mibeat @ 

se statements of | 

if philosophy, and three Tete 
reference wo: De. Judith D. Odhrietor, Search Com. 
‘mittee Chaie, Department of Biology, University of 
North Horida, 1 UNF Drive, Jacksonville, Florida 
32224-2660, by poamirk deadline November 
2007. UNF a Equa Cppornnty/ El cass /fion 
‘Act bustin 


MOLECULAR MICROBIOGIST/ 

MOLECULAR CELL BIOLOGIST 
‘The Sonoma State University Biology Department 
is secking a chmamie teacher scholar for a tenure-track 
ASSISTANT PROFESSOR position starting fll 
2008, Recarch speci open, but Weare opel 
interested in individuals with postdocorl taining 
who investigate microbiclogial, cellular, oe molecular 
procesies of biemedical relevance. ‘The successfil 
candidate will be expected to maintain an externally 
funded research program involving both under 
yaduate and graduate students and teach in his/ 
er areas of expertise. Review of completed applica 
tions will begin October 21, 2007. See fall ob an 


‘nouncement at our website: hetp:/ /www.sonoma. 
edu/aa/fa/. 
1596 
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FACL Te POSITIONS 


UNIVERSITY of PENNSYLVANIA 

Speer choy 

pel ee Gey 
The Dement of Chery a he Ue of 
Pilots en 
peste cmb fey eg 
Son Core eset aa ten ae orear 
Sees ast? cried Botogr Specs 
ee ee en ea 
on Sern 
aster chcueruumarar rent 

nt of istry, University ren 

Tate’ pulunas FX 1sOCes25, tener a 
Moca on at nt oma sci 


Fae Artis must abo completes ele 


Equal Opponuaty/Afimmasie tion Employer 
snl wwe appants ar epclly enna 0 apy 


BIOCHEMISTRY FACULTY PosT 
Bucknell University sccks outstanding candidates 
for an entry-level, tenure track position at the rank 
of ASSISTANT PROFESSOR scheduled to begin, 
in August 2008. The successful applicant will teach 
biochemistry, lecture, and laboratery, and will abo) 
teach introductory organic chemistry, general chem 
istry, oF introductory inorganic chernatry, depend 
ing ‘on background and interests. ‘The successful 
‘Candidate wil ako have the opportunity to develop 
advanced course(s) within his/her area(s) of experts. 
The development of a vigorous excarch peograny i 
some aces ‘of biochemistey (including bioorganic, 
bicinonganic, and chemical biology) is expected, avai 
this research program will involve undengraduate 
and Master's suuents. Ph.D. required, postdoctoral 
ibe submitted 


ri 
‘of research interests and plans, and a satemerst 
‘of teaching interests. Additionally three letters of 
recommendation are to be sent directly wo: Profes 
‘sor Timothy G. Strein, Chair of the Biochemistry 
Search Committee, Department of Chemist 
Bucknell University, Lewisburg, PA 17837 (e 
strein@bucknell.cdu). Review of applications 
‘ep oe Oct 53007, Bnd! very curr 
sng pcan fren woe sd member many sp 
(liga! Employmen Opponiity/ABiomaive tien) 


ASSISTANT PROFESSOR 


‘he David Gefen Stool of Medicine at UCLA 

The Department of Biological Chemistry i eck: 
ing applications for an Assitant Profesor, ture 
truth in any area of thocheniary or molecular ce, 
aed devebpmcnal biology. Moe afvanced cand 
ites muy te considered waver pedal creumuances, 
‘The new lcubeymonber willbe expected wo devcop 
strong and creative research program nto conte. 
tte departmental tacking 

Candidate selection will begin December 15, 
2007, and continue until the poition filed. Ap 
Dlcants shoudl sea cuca vitae, samenary Of 
foscarch interats, and arrange for three keuers of 


c/o Judy Alvarez 
UCLA Biological Chemistry 
P.O. Box 951737, 310 BSRB 


Los Angeles, CA 90095-1737 
The Unicety of Cabin isan ABiomutioe Aco 
gaat Opportunty Empler 


FACULTY POSITIONS 


DEPARTMENT of CHEMISTRY 
Tnonganic Chemistry 
The Department of Chemistry in the College of 
Ars and Stones at American University seeks fil 
fime tenure track faculty member at the rank of 
ASSISTANT. PROFESSOR for academic year 
2008-2009. The succesful candidate nuunt have 
Ph.D. in chemistry and be able to show exidence of 
serong teaching sh. Primary teaching responsibil 
ities include general chemistry and liberal ars chen 
jury. Applicants are expected to eiaintain a strong 
tocar record. Other reaporsibities ako include 
Sopervsing graduate and nderradteresearh 
students and mentoring both undergraduate and 
spade ent Tap sat eter a ap 
ston, curriculum sitac,a statement of reearl 
teres, ad a researc plan, and aerange Wo have three 
letters’ of reference sent recth) from individuals 
who are able ta comment on the appbcant's teaching 
dnd research skis to: Dr. James E. Girard, Depart- 
iment of Chemistry, American University, 4400 
Massachusetts Avenue NwW., Washington, DC 
20016-8104; e-mail: 
202-885-1752. 
aged. American Univer ts sock highly deste 
teachers and scholars who are deeply committed to 
inary leaning, the appheation of ew tech 
‘ollogios in teaching and scholarstip and wo the prep 
Sration of students for life in a diverse and eapily 
sng glbal society. Wovmor and munity andter 
ste soy eval 1 apy. Amen Urey a 
‘Meme Acton/Eiual Opty Fomor. 


SENIOR FACULTY POSITION 
‘Temple University 
Department of Chemistry 
he Peper of Chania Fpl Univer 
say ites nominations and apaions or a aly 
[Emo athe FULL/ASSOCIATE PROFESSOR 
Sel at any area c"chembtry, Apiiants are cx 
pect wo have established research programs of high 
Saale, supposed by sabstandal externally fanded 
roe research grants al demonstatd 
Scan teaching acemplbnen, Sar ae Bight 
ompedtive and subwanial resources have ben pro 
Sided for sarup faring. Ample ney renovated 

Utboratny space aaa 

Applicants should subwnit curriculum vitae; a state 
woe iets acre at 
2 satement of teaching pisophy; and the names 
td cons info ofthe Cenc ot De 


. 
pai oe Nae 


NATIONAL UNIVERSITY of SINGAPORE 
Department of Chemical and Biomolecular 
Enginesring 
The Department of Chemical and Biomoleeu 
lar Engineering at National University of Singapore 
invites applications for TENURE-TRACK  FAC- 
ULTY POSITIONS a al yes. The Department 
B one of the langest internationally with excellent 
in-house infasiniture for experimental and com 
putational research. A Ph.D. in chemical engineering 
Se elated areas and a strong research record with 
Sxcletpebicatios are required, lee refer 0 
website: ew.chbe.nus.cdW.s§/ for more 
Information ‘on the areas of titerest and for ap 
plication daik. Applicants shoul send ill cuerc 
awe Vind Ke pubis), dae 
fescarch plan, a statement of teaching interest, and 
deatsiny nts ae cmt nmeane 

‘Rj Rajagopalan, Head of Department (attenti 
Ms. Nancy Chis, email: mncychia@aus.edu.ss). 


yaw. sciencecareers.org 


“a ‘THE UNIVERSITY of NORTH CAROLINA 


Lb. GREENSBORO 


Professor and Head 
Department of Biology 


‘The Department of Biology at the University of North Carolina at Greensboro invites applications and nominations forthe position of Department Head. 
‘The appointment will be at the rank of Professor with tenure and will be effective August 1, 2008, The Head is expected to provide effective adminis- 
trative and intellectual leadership for the department, to support the faculty in their work as researchers and teachers, and to build connections for the 
department with the region and the state. The department has strong faculty research programs, which are supported by funding from agencies such as 
NIH, EPA, NSF and USDA. The department is currently planning a Ph.D. program, and the Head will work with the faculty 10 complete its planning 
and implementation. The department welcomes applications from individuals pursuing research in any area of biology, and particularly encourages those 
from applicants whose research would enhance the department's existing strengths. The applicant should have a strong record of research and teaching, 
uding a history of obtaining competitively awarded external grants, and must also be committed to advancing the department’ goal of building upon 


its nationally visible research profile. Previous administrative experience in a Ph.D. granting department will be an advantage. 


The Department of Biology (http://www.uneg.edubi 
Master's students. The department has 23 tenured/tenure-track faculty positions and 15 full-time lecturers. It is anticipated that 
be allocated to the department following the establishment of the planned Ph.D. program. 


ieensboro, one 1c ten Mik Leena ‘of North Carolina system, is clasified by the Camegie Foundation as a research university 
Enrollment is approximately 17,000 students, including 4,000 graduate student, inthe College and six professional schools 


‘graduate majors and 5: 
additional positions 

UN 
with high rescarch acti 


is one of 21 departments in the College of Ants and Sciences and has approximately 760 under- 


Greensboro isu etyof about 240,000 ia tne Phedmont Tid region of Noth Caralna, location providing easy acocs othe Research Triangle and 0 


recreational opportunities atthe coast and the mountains. The local metropoli 


sn area {Which includes the cities of High Point and Winston-Salem) has 


4 population of almost one million and offers an excellent quality of life. UNC Greensboro is especially proud of the diversity of its student body, and it 
seeks to attract an equally diverse applicant pool for this position, including women and members of minority groups 


Review of applications will begin on November 1, 2007, and will continue until the posit 
‘explaining their interest inthe position, description of their research program, a description oftheir approach tothe responsi 
and contact information for four references, Electronic submission of application materials is preferred and should be directed to TAN 
Mailing address: Dr, Terence A. Nile, Chair, Biology Headship Search Committee, Office of the De 

27402, Inquiries and applications will be treated confidentially on request 


‘censboro, 
UNCG is an Ad 


is filled. Applicants should submit thei vitae with a letter 
ies of a Department Head, 

NU, 

105 Foust Building, UNC Greensboro, 


£0 Employer witha strong commitment to increasing faculty diversity and will respond creatively to the needs of dual-earcer couples. 


ASSISTANT PROFESSOR/ 
INFECTIOUS DISEASES 
WASHINGTON UNIVERSITY SCHOOL, 
(OF MEDICINE 


jon of Infectious Diseases in the 

of Medicine at Washington 
University School of Medicine solicits appl 
cations for tenure-track appointments at the 
rank of Assistant Professor. We are seeking 
interactive individuals who will be able 10 
establish a vigorous and outstanding indepen- 
dent basic research program. Our program has 
{strong emphasis on microbial pathogenesis 
in prokaryotic, vieal and eukaryotic systems 
Recruited faculky will be located contiguous to 
the Department of Molecular Microbiology and 
the Division of Pediatric Infectious Diseases; 
there is tremendous potential for collabora 
tive interactions. Preference will be given 10 
academic physicians who are board eligible 
certified in infectious diseases. Very attractive 
start-up packages and protected time arrange- 
ments willbe offered. 


Applicants should send a detailed curriculum 
vite, afew selected reprints, a brief description 
of current and planned research interests, and 

twhave three letters of reference seat: 
Daniel E. Goldberg, M.D., Ph.D., Co-Chief, 
Division of Infectious Diseases, Attn: Faculty 
Search Committee, Washington University 
School of Medicine, Campus Box 8230, 660 
8, Euclid Ave,, St. Louls MO 63110. 


WUSM is an Equal Oppornunity/Aficmative 
Action Employer: Women anxd minorities are 
especially encouraged to apply 


Assistant Professor 
Redox Biology Center and Department of Biochemistry 
University of Nebraska-Lincoln (UNL) 


“The Redox Biology Center (RBC) at UNL, funded as a Center of Biomedical Research Excellence 
by the National Institutes of Health, invites applications for a tenure-leading Assistant Professor 
position in the Department of Biochemistry. Any area of redox biology will be considered, but 
‘we are particularly interested in applicants with expertise in bioinformatics functional genomics, 
‘mass-spectrometty, andor redox regulation/signaling. The RBC is amajor focus group for research 
in redox biology, incorporating various investigators at UNL and the University of Nebraska 
‘Medical Center innearby Omaha. Areas such as thiol-based redox signaling and gene regulation, 
tedox control of neurodegencrative diseases, cancer and aging. biochemistry of redox-active 
trace elements, structural Biology, proteomics/metabolomics, microbial pathogenesis and redox 
homeostasis are all current targets of investigation. The Center also operates mass-spectrometty 
and spectroscopy core research facilities. The successful applicant will be expected to establish 
an internationally recognized, federally funded research program. The associated teaching com 
‘mitment will be one course per academic year atthe undergraduate or graduate level. The position 
will be housed in the state-of-the-art George W. Beadle Center, and carries with ita 12-month, 
state-funded appointment and a generous start-up package. This hire is one of several new faculty 
positions that the RBC will fill in various areas of redox biology during the next four years. To 
learn more about the Center and the Department, please visit http://www.unl.edu/RedoxBiolo- 
_gyCenter and http://biochem.unledu. 


‘To be considered forthe position, please go to https://employment.unl.edu requisition 070703 
and complete the Faculty/ Academic’ Administrative Application. Then under separate cover send 
a curriculum vitae, a succinct statement of research and teaching interests, and three letters of 
reference sent to: Redox Biology Center Search Committee, Dr. Vadim Gladyshey, University 
of Nebraska, NII8 Beadle Center, Lincoln, NE 68588-0662, USA oremail toredox2@unl.edu. 
Review of applications will begin on October 19, 2007 and continue until the position is filled 


The University of Nebraska is committed to a pluralistic campus community through 
Lffrmative action ant equal opportunity and is responsive tothe needs of dual career couples. 
We assure reasonable accommodation under the Americans with Disabilities Act, contact 
Jasce Ore at (402) 472-3173 for assistance. 
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FACULTY POSITIONS 


UNIVERSITY OF 


‘TENURE-TRACK FACULTY 
‘The Univenity of Miami at Coral Gables 

As part of «significant espasion, the Departmcot 
Didogy secs 3 tence tack candidate be devel 
‘pment biology who uses nonmammalian model 
ffenctic organs to investigate fundamental prob 
{erm Prefered candidate mst be able to interce 
wih ne another and with the broader rexarch 
Cenounicy that bis song fii an newronence, 
evolution, and. ecology. Application review will 
iregia by October 1, 3007, sid wil connie an 
Postoe is Sled. "The sweet candidate wil be 
Exec to rain ionowaive, externally Funded 
focarh and to teach graduate aad uaderpadace 
ents, Nine months of salary guaranteed, PhD. 
Ital postdoctoral work  reuweds Send cura 
‘ita, representative reprint statements of rxcarch 
nl teaching incre and tave tree leter of re. 
“rence sent to mall bloearc@ bio miamedu. 


‘TENURE-TRACK POSITION 
ih Biomedical Sclences 

‘The Deparment of Biomedical Science at the 
ity of South Als USA) sce canates 
fora tenure track faculty potion at th: ASSIST 
ANT or ASSOCIATE PROFESSOR kel. The 
USA Wma Sozace Dearne oy HS 
yee an reponse for the undergrads cn 
‘ation of students intrested in puruing pont bac 
Calaueate ataly in medicine, hell profesions, or 
ise selene Candidates nant hie 2 Ph.D oe 
sullen, a biomedical sien an two years ef 
pntdoctoal experience b prefered: The succes 
anuilate will be eapeced wo teach, develop a 3c 
tive research program, and mentor under gaduate 
‘esearch projets Review of applications wil beg 
‘on Octoer 15,2007, a wil ors unl te po 
thon filed, th an etme set date of fine Ty 
2008. Appicuions should include a coer lewer of 
inners, cucu vitae, and thre lees of Fe. 
hater should be scot via 


Dr. Michael P. Spector, 
srtment of Bowediel’ Some 
very of Sout Alabama, Mob 


UCOM 6000, 
ile, AL 36688-0002; 251-380-2710; 


251-380-2711; ore-mal ‘or@usouthal, 
edu. Website: pisos? alabama. edu, 
Medan bi ie Cnwerty of Sou Al 


Tara an Ea Oppormoy ul lac Employer: 


POUR OPENINGS in EXPERIMENTAL and 
"THEORETICAL PHYSICS 
Univesity of California, Merced 

The University of Calva at Merced invites ap 
pliatons forfour tenared/tenare tack poniions to 
Piysks, defined ready as: (1) nanmseae ysis 
TASSOCIATE of FULL PROFESSOR lev) 12) 
‘onersed mater physks (ASSISTANT PROFES. 
SOR ie) (3) stom molec and pial (AMO) 
pins (ASSISTANT PROFESSOR Io nd (4) 
optics (open rank), with 2 spedal ingest in 
ologial or biokagiely apie systems that per 
tain to the celular suelo angle mela 
sale 

or all postions, both Experimentalits and 
‘Theorie se encouraged to app. The Unicry 
OF California at Merced isthe tenths camp OF the 
University of Calforia stem and the fine US. 
‘escach university built ia the 21st century We Seek 
‘isting scholars with a keen interes on 
ing anew uneran and_cuablaing » ene, 
‘ronment. For more tfrmation ce to apy it 
website: ‘www.ucmerced.edu/jobs/. To 


censure full consideration, complete sppications Should 
be received by November 30, 2007) cfimusoe laue/ 
Exgud Oppetnty Employes 

1598 
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FACULTY POSITIONS 


‘TENURE-TRACK POSITION in 
BIOCHEMISTRY 
University of Wisconsin, Madison 

cite Deparmes f Biochem at the Uninet 
‘of Wisconsin, Madison (website: heep://www. 
Hfochcm wince), ints spears poor 
‘ion in brochersntry at the ASSISTANT PROFES- 
SOR level. Applications in all areas of biochemistry 
will be comidered. The Department is particularly 
interested in candidates working with cutting edge 
technologies (nanotechnology, celal imaging, Pm 
teomics/metabolomics fipidomics} in animal, plant, 
‘or moe! onganisms in research areas related 00 the 
chematry of protein oe nucle acid funtion, regula 
tion of metabolism, or neurobiology. ‘The Usivensty 
and Department provide an excellent environment for 
the development of an oxgstarsting psearch program. 
‘The succenful candidate will be expected to develop 2 

‘extramural funded, independent research 
sand to participate in the undergraduate and 


include curriculum vitae, a ist of 


‘Publications, and a beef sumeury ef accomplishments 
‘and chrections cf future research andl be sent w e-mail: 


‘ith opts emee beni, patie shuld 
SEcompa by Ober 13,2000 


JOB OPPORTUNITY in BIOCHEMISTRY 
FACULTY POSITION 


of Bochem 
Sanford Univer Schott Medicine 


ations ox nominations are invited for an AS- 
FANT PROFESSOR pysision in the Department 
‘of Biochemistry. Applicants should have an esta 
lished record of excellence in original research and 
teaching. The predominant criterion for appoint 
iment in the University tenure track is a major com 
mitment to revearch and teaching Candidces sho 
submit curriculum site including a list of publica 
tions, a description of their research interests, ard 
names, adresies, and telephone numbers of three 
references t e-mail: biochemistry recruiement® 
seealord.cde, Applications Tall be retool 
‘Daober 31, 3007, Reference letters should be sent 
to the above e-mail address or to: Search Com- 
mittee Chairman, i of Biochemistry, 
Stanford University School of Medicine, 27 Cam” 
Bus Drive, Room B400, Stanford, CA 94205- 
Stud Uinienty & a» Egd Opptnty Engler ant 
4 sommictl to inning the divert of fy. I wet 
Comes nario of and appt we we mc 
hes of minority gwupe, e well a stent whe wend eng 
siivad dimrwsns the University's cach, teabing and 
‘aa tains 


ASSISTANT PROFESSOR of CHEMISTRY 

The Department of Chemistry of the Usiventy 
‘of Wiscorin, Madnon, anticipates an opening for a 
faculty position w begin in. August 2008, We seck 
‘outstanding candidates a the ASSISTANT PRO- 
FESSOR level (tenure track) i ll areas of chemistry 
including chemical education. Candidates must have 
APKD. in chematry ora related fekl; postdoctoral 
aparece dere The postin equ dee 
‘opment of an internationally recoxsized progran 
‘of achelarly research a» well 33 excellent teaching 3t 
both the undergraduate and graduate level, eae 
submit curriculums vitae and concise: description of 
recur plans online at website: hexp://www cher. 
‘wisealu. Three keer of reconimsendsog Wi S60" 
‘Be required though the online service directed to: 
Chair, Faculty Search Committee, Department of 
Gemistry, Univenity of Wisconsin Madison, L101 
University’ Avenuc, Madison Wisconsin 33706- 
1322. To guarantee full consideration, all materials 
rust Seve before October 1, 2007 

The Unverny of Www de an Equal Opyornty/ 
Afiemanre “aie Employer, aplesioes fom qudiiel 
iromor and windy canbe a0 emerged. Uke oo 
Fealey gece is wring, afmmaton euig the 
Mostey of te appa me be wal 


FACULTY 


Tt 


‘TEMPLE UNIVERSITY SCHOOL of MEDICINE 
Deparment of Biochemistry 
“Tenure-track faculty postions are available at the 
ASSISTANT or ASSOCIATE PROFESSOR level 
for candidates with strong research records in 
biochemistry, molecular biology’ cell biology, bio 
physics, or related disciplines. ‘The Deparment is 
expanding inthe areas of cellular and molecular 
approaches to signal transduct 
‘contra, and nuclear regulatory mechanisis, 
and other areas of interest will also b 
Applicants should apply clectronically 


Biochemercmple.eday Appia 


POSITIONS 


transcriptional 
ae 


MOLECULAR GENETICS 
Washingron State University (WSU) Vancou 
invites appicions for ful-cin, tenure track 
SISTANT PROFESSOR with escirch cmphash in 
tncleculr genctics in anioal systems or oer th 
that complement the strengihe of exsting faculty 
Soccufl appicant will teach two cones per ean, 
aise radiate and undergraduate student, and 
‘stablak proctve, extemal fanded research pro 
gam. Eatelence in renarch and instruction are the 
fain criteria for sclosion. Minimum qualifications 
Th.D. in mokcular biology, yeneic oF related 
Ire. Pred eaten wi 


Oregon, and oers significant 
searh and an eacllent quality 
fnformation ‘available at websites heap:// 
vancouver.wsu.edu/progeams/sei/. 
icants should subst curriculums vitae, copies 

to publications, summary’ of research recom 
Plishments, statement of teaching philosophy and 
fhtereats, and three letters of reference to: Molec 
Genetics Search, Washington State University 
Vancouver, 14204 N.E, Salmon Creek Avenue, 
Vancouver, WA 98686-9600. Review of com’ 
pleted applications will begin on October 15, 2007, 

Washagn Star Univeraty ts an Equal Oppotunty/ 
Afiematve Action Edun and Employer Memes of soups 
etercally mdcrqwecaied bn scene ae stony vsvrged 
pr 

DIRECTOR, MOUNT SINAI MELANOMA 

CENTER 
‘The Mount Sinai Medical Center 
New York, New York 

‘The Mount Sinai Medical Center is secking an 
‘outstanding scientist to serve as the Director of the 
‘Mount Sinai Melanoma Center. 

‘Mount Sinai s currently ranked among the top 20 
‘medical schools in NIH funding and és committed to 
establishing one of the nation’s premier cancer 


frograms located in an academic full service meival 


‘of the Melanoma Center will 
have the opportunity to buikl an oustanding cons 
prehensive melanoma program with an emphasis on 
translational research leading to therapeutic break 
throughs. We invite applications from senior inves 
tigatore with either a Ph.D. or M.D. and a strong. 
research focus in melanoma. ‘The successfl candi 
date will receive generous startup funding, for this 
program. 
For consideration, please submit curriculum vitae, 
a statement of research interests, copies of three 
publications, and the names and contact informa 
three or more references e-mail: melanoma- 
edu. 


ywew.sciencecareers.org 


NUTRITION 
RESEARCH 


ion Research Institute (NRI) and the Department of 
Nutrition in the School of Public Health at the University of North 

ieee C2rolina at Chapel Hill are jointly recruiting for the following ten- 
RemEEEEe ured oF tenure track positions to be located in Kannapolis, NC (near 


[explonngnutrtionstinavicuatty) — Charlotte): 


A world-class research leader for the Nutrition and Obesity/Eating Disorders team of 4 to 5 faculty 
members, 


A world-class research leader for the Nutrition and Cancer team of 4 to 5 faculty member 


areers 


Four faculty members to be part of the Nutrition and Brain Development research team. 


Three faculty members with methods expertise: metabolomics (1), nutrigenomics (1) and nutrient intake 
sessment (1) who will be part of all 3 research teams. 


Science C 


We offer: A world-class facility focusing on nutrigenomics and metabolomics as they apply to human nutti- 
tion + Hard money support for researchers + Excellent start-up packages + Brand new labs and office spac 
Capacity to do human and mouse research * Major investment in state-of-the-art instrumentation and equip- 
ment in metabolomics and nutrigenomics + Outstanding intellectual environment on campus with programs 
from 7 universities 


For more information about the NRI or to apply, visit our website, www.unenri.org. 


We strongly encourage applications from women, minorities and individuals with disabilities, 
The University of North Carolina at Chapel Hill is an Equal Opportunity Employer 


Uae RESEARCH FACULTY POSITIONS 
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‘Tel Lee Mein Canevr Center & Resear tte an NCI designated Capes Cancer Cente ad 
th Urdvesty of South lara Collegeof Medicn’s epartent of Inerselinary Oncelgy are seeking 
‘canddatesat the Andean Awodato Pull Prefer rank to patcgte the Molnar Oncology Prgran 


n-Reshlenes or Adjunct 
rank atthe AssistanU Associate Full level depen= 
dent onthe applicants level of experince. Apphi- 
‘ant should have a PH.D. oF equivalent degree in 
‘one of the following areas: molecular biology. 
‘genetics, veology. microbiology, biochemistry or 
biology. Candidates should have soll research 
‘experience supported by a track record of public 
cations and extramural funding. a genuine itex- 
stand expertise in tenehimg and conduct basic 
‘esearch within thei subspecialty area. Sen letter 
‘of interest ana eumiculuan vitae to: 


400 Parnassus, A628 
San Francisco, CA 94140-0738 


UCSE seeks candidates whose expertise. 
teaching research, or community service has 
prepared them wo contribute our commitment 
‘nv diversity and excellence. UCSF isan 
AMfrmative Action Equal Opportunity Employer 
The University undertakes affirmative action 
to assure equal employment opportunity for 
underutilized minontics and women, or persons 
with disabilities, and for covered veterans. All 
{qualicd applicants are encouraged to appl 
“including minorities and women 


‘The sarc cares mst pomsessa PAD cf MD degre anda deers potential or extra 
‘inatigLnivals witha research ters in pretense espcally encouraged io ayy, bt any areas of 
‘me retin, spl tration, caneer geet, an fnetianal genemsice wile considered 


Appheants shave a proven tack reece of eependent research and demonstrated sustained 
‘ecranural fevdng Ina the Assist Prfessr rank rates eas he Svar exptetce with 
‘ceatinng al predate service as an Awistat Profesor The Profewat rank muir docanertaton of 
‘ational recnition, leadership abihy and at leas five jears experince with continuing and productive 
sericeasan Aeodate Pofessr. The postions may be tenure earning ae salar is megiale 


reas reftence postion wo. 2515. reves caelidtes shou send curicudun ita anda brief 
‘satement of major academe interes one single pif document to The Moleeudar Oncalogy Search 
‘Commitee at ebecca Koransky oof org Apliation review begins September 7, 2007; the postions 
are open wnt ie 


USE Hath commit to incresing itsdeesty and wil ge iii oberon toque 

pplicants forth tin wi expricm n hmcal dere stn, ho ese eared angwge stl 

(iho haa reed ef rare Ba appr tfia die carats or tecing a dere stent 
‘St 


www.moffitt.org 


Science Careers 
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FACULTY POSITIONS 


BIOANALYTICAL CHEMISTRY FACULTY 
POSITION. The Departint of Chemisty at the 
Uniersty of Kansas seeking exeepond cand 
day fg toned ASSISTANT PROFS 
ion in oanaital cheney espeted to 
inegia Augue 18, 2008, or therefte This succenl 
Cniilate wil become’ esember ofthe Rah N 
‘dams Toate for Buonalieal Chemistry. "The 
Univenity sippons a very cellaboratve and cro 
Alscpary rte coronment, a shared srs 
‘mention resources for Bosnabeeal rca are 
‘ttanding They ince ate of the-art elcone 
by cauipmeat, an 800 Mile NMR, Fouser Trane 
Form and MALDI-TOR/TOP ma specrometer, 
an ition ity with 10 on 
um, ntively coupled psa reacive-en eche 
Sind plasma enhanced chemi vapor depontion 

The atcconfl candidate will develop 2 igorous 
secach program omit chemi and 
teach at che untengraduate and graduate levels 0 
STR. in chemoury oe a conely reatad Bek 
fapectel by tae date of appointment, and post 
‘ictoralesprtence is desirable. Saary i competi 
‘wih thone ar other research univers. 

‘Applicants should submit a later of interes; 
curl ia he many 0 C0 thie 
esearch proposals, two pager cacy 2 vw page 
Satement” of teaching plhdosopy, expertise, and 
Interest and should acange for the submsion a 
three leery of recommendation tor Jan Aker 
Blosnalytiel Search. Committee Coordinator, 
1281" Wescoc Hall Drive, Room 2010 Malott 
Hal, Unversity of Kaa Lawrence KS 66043: 
7583, Hm telephones 785. 
645471. baud rc fate noe Oe 
2007, antl nove al te pon © fa Fad 
Cpr fiat sas Bape 


ASSISTANT PROFESSOR 
"Temple Unierty 
Depart of Chankotry 
‘The Department of Chemistry a Tepe Univer 
shptiketyplcaion tad poelonten Rea iene 
Wee actig ante tas hares Poca od 
latiks ave eacsembeyy enpase ec ease 
honky, hepbenas te efcee wo Geese 
Sting eng swan mean 
Proper Kase by peareeveval eoeaeh puns 
End for developiag excellence tn teaching. Salaries 
jth sompate an esl ruse 
tren evel ir area Reade: Ample el 
‘aa erat sae ‘ 
Pe peters nes an apc 
oe Alene of eacing ke 
Seccornkcos ion mated tee 


‘Temple University, Beury Hall, 13th and Norris 
Streets, Philadelphia, PA 19122. Review of appli 
cations will begin immediately and will continue until 
suitable candidates are identified 

Temple Unienity 1s a0 Equal Opportinty/Airmatice 
Act Finplayes The Dapatmene spraly ite: ad 
ages appiations fom na and noite 


Montana State Unive Deparment of Moti 
co seks a nfo dcise MUCROBIOLOGIST 
fe a tenure tack pont atthe ASSISTANT, AS- 
SOCIATE, or FULL PROFESSOR vel Rejs 
Silvis indade teaching the undergdaste and 
radon lve and developing or easing 30 e 
mul fared aca pegran. Candie 
the potion shoul hae curent exams nding 
Cone sry nd tarp funds ae ate. Fo 
fn an loan He we wee 

Scating of oppictoas wi 
= aed coon wn he posto, 
Sale ase mn cn! 
ged Oppromty/ Vere” Pree Ea 


1600 
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ILTY POSITIONS 


Ecosystem Studies seeks 160 in 
ofASSISTANT or ASSOCIATE, 


proven wack nod of esoeh ring sel peiiccior 
th top scientific journals. We are puiculaly inter 
sted in research interess that relate to: (1) The 
inmpucts of global change on Sorat and asociated 
cringing thefts 
lon, Dlogeochemial fancies and/or manager 
Of reared econptems inthe fice of lime change, 
‘cxuran development, invasive species, or potential 
inspescalc Blobel proccion arc panics encoor 
‘aged toapply. (2) The cology of infections deans. 
ologec wodjing scones, WAGs Gocues, and 
poe Secsses caused by a, baci, Seagal pro 
Toman, or mctaroan parasites are welcome to apy 
The Instieute, 2 privacy endowed rescarch and 
chcation organization located on 3 2,000-acre ar 
troretum in the Hudeon River Valky of New York, 
currently hosts 2 staff of 16 sentits, who inet 
fate human impacts on forest, freshwater, and urban 
Ecomcnn, Week inves who can ja thls want 
Shi exablsh insenScipnary clbbocstions hat exten 
th ste wv Ge mo ons 

with exnyatens especialy tn Bight of global chan 
mm peer ey Peaacenadian een 

fe will begin to review apphcaions on T Octo 
2007, with the anticipation of filing thee postions 
in eaty 2008. Apply by sending curicadum stae, 


Satement of research interests and gals, and the names 
and addreses of thce potential reerences to: Haman 


INORGANIC CHEMISTRY FACULTY 
SEARCH 2007-2008 
ASSISTANT PROFESSORSHIP, INOR- 
GANIC CHEMISTRY. The Dejurtment of Chem 
iiry at Washingson Usitenley tse Louis sects 0 
fills pation to begin in the fll 2008 in any area of 
inorgani chemistry incuding a the interfaces with 
telogical and mcrials chemistry. The developement 
and muintcrance of an outstanding rear peo 
fam and the teaching of care chemtry Counce at 
the undergraduate and graduate levels ar required 
Cn ant ae seed PD dee 
comb of cartcabue! vine and. concer racarch 
prcpanl or propos. These doceacess ary to be 
Sibmited in dettronic form as PDF (portable docu 
tent fiemat) les to. e-mall search @wuchem ust, 
tcl with the subj linc “Tnorganie Chem 
‘Faruty Search” Applicants should aso arange for 
three etter of reference w be sent toe-mal: earch 
wochem.wusthedu, with signed originals Sat 


Drive 
‘St. Louis, MO 63130-4899 
Fax: 314-935-4481 

Completed applications forthe position must be 
received by 15 October 2007, to ensure inclusion ia 
the inital review. However, applications received 
Inter wil be accepted and revicwed unt 3 candiate 
bis bec hired cr the search discontinued. xin 
Gaarnay & at Epa Oppeennty, ABest Ep 
Talend fom aude goa a pea Care. 
seelse arly 


FACULTY POSITIONS 


RANDOLPH-MACON COLLEGE 
Biology Department 

‘he Depanent of Bil ees appicaion oe 
wo tome track potions atthe rank of ASSIST 
ANT PROFESSOR beginning August 2008. The 
dpartesnt sects a EVOLUTIONARY BIOLO- 
Gist nd sn ECOLOGIST. The standard teaching 
toad is two lecarefaborstery courses per semester, 
stich i egal to» combination of eee and 
ure abrory couner that tra 24 teaching 
trot hour, The succes canats il tech 


Upper level courses in thei speciaky. Ongoing sche 
arly activity invelving undergraduates is expected 
Applicants must have a Ph.D. and be able to dem 
fommerate teaching effectiveness. Review of applica 
tions will begin on October 31, 2007 

tuntil the positions are Filed, Appli 
‘dicate which position they are applying 
subat: (1) cursiculuen vitae, (2) a statement of their 
teaching philosophy and research plans, and (3) 
three letters of reference. Applications and inquiries 
to: Ms. Barb Wirth, Randolph-Macon College, 
P.O, Box 5005, Ashland, VA 23005. Appts ut 
opel emvuaged fon mines and wvine, Randsple 
‘Mas Calle an Equal Oppormnty Employer 


FACULTY OPENING 
School of Chemical nd Biomolecular Engineering 
Lexated in Ithaca, New York, Comell University 
isa bok, innovative, incisive, and dynamic teaching 
and research Univenity where stall, culty, and 
students alike are challenged to make an enduring 
‘contribution tothe betterment of hum: 

Goma "Univray ones, ap 
tenure-track postion in the School of Chemical 
and. Biomolecular Egincering at any rank (AS- 
SISTANT, ASSOCIATE, or FULL PROFES- 
SOR) consistent with the candidate's experience 
and achievements. AIT rexcarch areas wil be eon: 
sere, wih preface pet hose he rod 
brea of buomolecular engineering. 

interested candidates can lear more about this 

website: hetpi//www.cheme.cornell, 


‘amnmitod te being sppetive, famine 
cmplyer. Corel University isan Atom Acton Euat 
Oppaiey Employer at Edocar. The Saba of Chemical 
‘aif Bowater Engionerng, andthe Cal of Engine, 
‘ae commie to ocean the dart of he fay and 
tony anage people fom indemnity 
rounds to apply. 


FACULTY POSITION, HEARING and BA- 


sity School “of Ml 
Faculky member studying auditory or vestibular 
fseurondence, with particular interes in molecular 
taechanlams ‘and approaches, ‘Thi positon will be 
Milled with the Ccmcr for Heatag and Balance 
(orebrite:heep://webhiontS.ntsjhuedu/chb/), 
i imendegaricceal rear Cooperate aneD 
calldar to behavioral analyses of sudition and bs 
innce. The poston will be tenure track and incules 
substantial aboratory space and strep finds, Adi 
tional funding may be waable through a endow 
tent dedicated ta the snidy of Meniere's dicate 
Hente send curricular vita, research plan, names 
of thie reSreaces and up'to three publictions 
(PDE) no bier than December 1, 2007, to e-mail: 
dual od, Recommendation letters should 
SEES Sine cal ee, Jae Apne 
Cadvey & camel os poe of gal Cppatenly and 
‘AMpraale Aches wll Se esc Bs fen 
sotto ad unde exe 


yew.sciencecareers.org 


Oia 
FACULTY pasta 
DEVELOPMENTAL BIOLOGY 


The Department of Cell and Molecular 
Biology at Tulane University (http: 
Ueel.tulane.edu/) anticipates filling a tenure- 
‘tack position beginning July 1 2008, a the 
level of Assistant Professor. Targeted are 
individuals whose research interests focus in 
Developmental Biology, with an emphasis on 
‘mammalian organogenesis. The Department is 
‘undergoing a rebuilding process and has targeted 
Neuroscience and Developmental Biology 
as areas for rapid growth. Applicants must 
have a PLD., at least 2 years of postdoctoral 
experience, a strong publication record, and 
show strong potential for obtaining extemal 
funding. The successful applicant will be 
‘expected to establish a vigorous, independent 
‘esearch program and to participate in graduate 
and undergraduate teaching Opportunities exist 
{or research collaborations and participation in 
the Tulane Cancer Center, the Tulane Primate 
Center, the Center for Bioeavironmental 
Research, and the Tukine Neuroscience rogram. 
Applicants should send curriculum vitae, a bie 
‘statement of research interests and three letters 
‘of recommendation by December 1, 2007 to: 
Dr. David Mullin, Chale, Department of Cet, 
and Molecular Biology, Tulane University, 
2000 Percival Stern Hall, New Orleans, LA. 
wus. 
Tulane University is an Equal Opportanity 
Affirmative Action Employer and encourages 
‘minority and female applicants to apply 


es triuiscrt 
Witte uns-Universirar 
es MilnstER 


The Westfalian-University (Westflische Withelms-Universtit Munster) has recently founded a European 
Institute of Molecular imaging (EIMI initiated in a pubic prvate-partnership between the university and 
Siemens Medical Solutions 

IMI is central academic institution of the Univesity of Munster working in the field of developing, 
validating and applying molecular imaging techniques. EIMI is structured into two major areas of work, 
fone being “Target Biology & Chemisty", the other “Technology & Imaging”. The Interfaculty construct 
of EIM, involving the faculties of medicine, chemistry and pharmacy, mathematics and computer sciences, 
and physics, provides a broad spectrum of expertise from medicine, natural and computer sciences, 


IMI hereby offers the folowing position: 


University Professor (W 3) for 
Target Biology & Chemistry 


Candidates should have proven expertise in studies of basic molecular mechanisms of diseases, identification 
of molecular targets, design, breeding and surgery of wildtype and transgenic animal models, histology 
and tissue processing. 


achievements as a junior professor, altematively, scientific achievements can result from a postdoctoral 
lecture qualification (habitation), work as a research scientist ata school of higher educaton/university, 
‘on-university institut, industry, administration, or other flelds of society within or outside Germany. 


‘Applications are invited by physicians and natural scientists. Candidates are expected to participate in 
collaborative research of the existing Collaborative Research Centres (Sonderforschungsbereche) of the 
luniversity and in transfer of research results. 

The future holder of the position wil be expected to teach and examine relevant subjects. 


‘Applications of women are specifialy invited. Inthe case of equivalent qualification, competence, and 
specific achievements, women will be considered on preferential terms within the framework of the legal 
Dossbiities Handicapped candidates with equivalent qualifications will be given preference, 


Documents in support of an application, enclosing CV, scientific career, structured catalogue of publications, 
acquired thir-party funds and reprints of the five most important publications should be submited to 
the European institute of Molecular Imaging, Technologichof Minster, Mendelstr. 13, 4849 MUnster, 
Germany, by sth October 2007. 


FACULTY POSITION 


Department of Molecular Biology 
Massachusetts General Hospital 
Department of Genetics 
Harvard Medical Schoo! 


‘The Department of Molecular Biology at Mas- 
ssachusetts General Hospital and the Depart- 
‘ment of Geneties at Harvard Medical School 
invite applications for a joint appointment 
the level of Assistant Professor. The labora 
tory will be located in the Massachusetts 
General Hospital Department of Molecular 
Biology (Inttp:/motbio.mgh.harvard.edu) 
‘and the faculty appointment willbe in the Flar- 
vard Medical School Department of Genetics 
(tutp:/igenetics.med.harvard.edu). 


Applicants should apply via electronic sub- 
‘mission to the ul listed below. Please submit 
curriculum Vitae, statement of research plans 
and up to three relevant publications all in pa 
format, by November 15, 2007. In addition, 
provide the names and email addresses of 
three references. 


Harvard University and the Massachusetts 
General Hospital are Equal Opportunity’ 
“Affirmative Action Employers. 

Wie encourage applications from woaen 
‘and minorities 


‘TWO TENURE-TRACK ASSISTANT PROFESSOR: 
POSITIONS IN ECOLOGY 
University of Dayton, Department of Biology, Dayton OH 


The University of Dayton, Departmcat of Biology invites applications fortwo Assistant Professor tenure- 
track faculty positions in Enyitonmental Eoology. and Community Conservation Ecology. to begin August 
2008. These to postions are supportive of the Biology Environmental Biology Degree programs andthe 
‘Sustainability, Energy and the Environment (SEE) inatives at the Univenity of Dayton 
Position 1: Environmental Ecologist: The Department of Biology sccks to hire a tenure-track Envion- 
rmcatal Ecologist at the Assistant Professor level, Areas of specialization may inchide the dynamics of 
environmental change, ceological succession, invasive spocies and ecological restoration Preference will 
be given to ccologists working with plants or planvanimal interactions. The successful candidate will be 
‘expected wo tach an undergraduate course i ecology. plant biology, ceologicl restoration or introductory 
biology ae an undergraduate‘gradate course appropriate to their specially 
“ommunity/Comervation Ecologist: The Department of Biology secks to hie a tenure-track 
iy Conservation Ecologist atthe Assistant Professor level Al levels and arcas of ecological 
specialization will be consileed. The successful candidate will be expected 0 teach an undergraduate 
course in ecology. conservation biology or introductory biology, and an undergraduate/graduate course 
appropriate to their specialty, 
‘Requirements for both positions include aPhD..clevant postdoctoral eapertcnce and a commitment to 
excellence in research and teaching. The suoccssful candidate will be expected to develop an extramurally 
funded research program which wall involve Ph.D., M.S. and undergraduate students in his her research 
program. 
Please send a cov er letter, curiculum vitae, slected reprints at leat three ters of recommendation, and 
tesardaytonedu, 
tee, Department 


scripts will be roquired prior to intcrviewang: The Seatch Committe will begin reviewing applications by 
[November 15,2007, with on-campus interviews planned for early Januar, 2008, The search will eontinue 
‘unl the postions are filled 


The Univer of Dayton sa private comprchcnsive research University located in the Columbus—Day 
Cincinnati metroplex. Please visit our website: http:?biology.udayton.edu 
The University of Dayton. a Comprehensive Catholic University founded by the Society of Mary in 1830, 
fs a Affirmative Action Equal Opportunity Employer Women, minorities idividuats with disables, 
‘and veterans are saugly encouraged w apply. The University of Dayton ts frm commined 9 the 
principle of diversity 
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{ASSISTANT PROFESSOR of BIOLOGY 

em State Erie, the Behrend Colles, ites 
plications for ametuer penton  crbecloy 
{o begin Auer 2008. Candies me have 3 
itrang conic to odegradiare teaching aod 
to rogue, PRD, apie porsocteral and tachi 
aperzace prefered” Expevatons: teach ian 
tory rsksotogy wa Liratny, sy to teach 
tasjors course iomcunclogy is desirable, vo 
dhemate vith apper lee cue a Bld of expen, 
Sablon sobre research. peogaet vohing 
Aindegradite; eck ester fuling 

en State re four pear and graduate college 
of Penn State Uriverty with oer 4,000 sent 
The Colleg:  commaixed to balance between 
teaching and resin, The School of Scence of 

ete majors in biology, cheesy coy 

fctnes, ratematicy, py, an gent scene 
he fcuky conduct wacach a cooogy, mokcolr 

logy, dvcopenenel ico, genetics, ad cell 
thology Blog 
tre eeviy rental ad ches 3 
teope mil a seting clei microscopy fey 
Raa Sa Gram aint wth Pon Sete 


i eon hana metoplion aren 20,00, 
te wale sia pote ad tnien ete ot 
Ti Rav enjoy Gove toe oer Boek 
Gran, Psturgh, an Bu, The Ee repo 
tse many cur spore, and academe eon, 
iecng he clays el tectios Radboos 
Joymodta ring cw and iste hoag 
ma curctfun vie, copes of grate ond 
danadute tamrigty teaching "nd roca 
ieclodings br exponston f sunt 
ocach ian undengadute caller and 
toes and mal addres ther recta 
Scene Department BIOL A, 4305 Clee Driv 
Since BIOL, 405 
Eric, PA, 16568-0208: Appicaton screcang wal 
belo Ocber 26,2007, tnd omtons unl the 
prs ck 
‘hn Soe il Aah An, gd 
Opp tl i ean 9s eo: 


ORGANIC CHEMISTRY FACULTY POSITION 

University of California, Los Angeles (UCLA) 

‘campoign 4 make muiple 

appointments i core ata inter 
lsciphnary areas of Chemistry the Organic Division 
at UCLA invites applications for a tenure-track po 
‘ition at the ASSISTANT PROFESSOR level i all 
areas of organic chemistry, inchiding but not kites 

1 organic materials, organic synthesis, physical or: 
ganic chemistry, and chemical biology: Applicants 
are expected «9 have earned a Ph.D, degree in ce 

nic chemistry, and to be strongly committed to 
both teaching and research. Successful applicants will, 
show evidence of exceptional originality and promise, 
and aspire to establish a workd-class research (peo 
gram in stimulating environment that fosters col 
Taboration and values diversity. Applicants should 
‘mal curriculum vitae (induding research accomplish 
‘ments, teaching experience, and publications), a de 
tailed ‘esearch and teaching plan, and supporting 
[eters from at least three reterences. Completed 
plications should be received by October 31, 2007, 
An directed to: 

Chair of the Organic Search Commietse 
Department of Chemistry and Biochemistry 
‘University of California, Los Angeles 
P.O. Box 951369 
Los Angeles, CA 90095-1569 

‘The University of Caimi, Lox Anges, snl the Depart. 
mem of Chetry snd Biker are eet calc 
lates ao ae commited to the highest stankurds of shoal 

i puesiowal ait, athe devclopman of «campos 
‘dite that toppers equality and divest Women and mie 
otis a ensued 40 apply. The University of Cabfonia 
{san ABitmatve Ation/Espal Oppoaunty Expy 
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ERED HUTCHINSON 
ANCER RESEARCH CENTER 


MD. or MD./Ph.D. PHYSICIAN /SCIENTIST 
‘& Ph.D. TRANSLATIONAL SCIENTIST 
Pestion Available 
Fred Hutchinson Cancer Research Center 
Seattle, Washington 

The Fred Hutchioson Cancer Rescarch Center 
(FHCRC) is recruiting Seulty member tthe AS- 
SISTANT, ASSOCIATE, of FULL MEMBER 
level with active bhoratory research related to breast 
cancer, Poysicln/Scicmoes with strang laboratory 
teseuch and dlokal expeniac ina bream cancer 
febted diciphne or PhD, candidates with acre 

peslaional recarch interes in breast cancet a 
rong encouraged to apy. The succesful cand 
‘Giewil jin the ange Brest Cancer Research group 
‘win the FHCRC) Unireniy of Wathingson Cancer 
Consortium; a dynamic crow scphnary research 
team dedicaicd to kaproting prevention, deta 
iapronis, progross, and treatment of eas cancer 
‘The primary sppinument will be ia. the, Clinical 
Research Divison ofthe FHCRG I desired, 3 joint 
2ppeintment may be made to other divisions at the 
Cooter and to the Sill ine faculty tn an apprcpeite 
Scparnent 2¢ the Univeruty of Washoe 

Tterewed indhiduals should forward thee cur 
ticulum vitae, including a research plan and the 
ames of five references, to: Sueanne Lentz, Ered 
Hutchinson Cancer Research Center, 1100 Fair 
view Avenue Ney Mail-Seop: C013, P.O, Box 
19024, Scatde, WA 98109, The cloning date for 
applications s November 1, 3007 

The Fed Heahinon Caer Recor Ctr 6 a8 Afi 
mae Asis, Egat Cppamaly Employer We ov ele 
Cal ling ely ve fda ie ngs 
ipyleains fo wenn, we, da wit dacs 
Siw rome 


College Chemonry Deparment invites application 
for a tenure-track postion at the ASSISTANT: 
PROFESSOR lev! for fal 2008. Senior appomt 
tment posible ln exceptional Greusteances ial 
teaching ssignment depensing upon the succes 
Ccnidate’s Subapechlyy wil tacode two courses 
from: sophomeet level organi chemtry, enzyme 
Kinetic and reaction mechaniuns, tuocherstry, a 
3 course for nonscence msjor. A semester teachin. 
iad normally tnclutes compte roponsilny fot 
(ne coune and two laborattry sections, and 
vison of madeat research, projects, ‘Candiducs 
Shon have the PhD. or completed dissertation by 
September 2008 (pesdocwral capstone b pre 
fered), The scceetal comida meat havea strong 
Conmamens both to teaching at the undergraduate 
iceland to devdoping 4 peedective exarch pro 
gram. Willams Cohege is a highly selective, co 
Slucaional Hhcral ane satiation of approsimatly 
330 faculty and 2,000 enengraduats,Tocated 
tombwester Masachincts The Chemaary Dopart 
iment is compored of 12 facuky. members and 
fraluates abeut 25 to 30 majort cach year the 
Bepartmcot far earliat acts for teaching ara 
teach, The College is actvely working vo increase 
the diveniey of for sccece majocs and. sec an 
incivihal who can belp us moct thse pos, Mall 
teaome, wndcipradae aed padacts tomes, 
‘Socrptions of teaching phlluophy aod recarch 
proxets for undergrads, and thre letter 
Sexe cP, Rarigue eas Lopes 
Chair, Departncot of Chemistry, Willams 
legs, Willsmstown, MA 01267, by November 12, 
2007. Hctronic aplicatines wl ot be accep 
For addtional inkmation about the Chestiry 
Deparment, plese visit our website: bets 

partment, lease ist 9 “beep:// 
Tins Calgg & ar Epa Oppoeuniy/ABimate 
‘debe Rapp 


POSITIONS OPEN 


The Dison of Plc Heath Senos ofthe Fra 
Huchisson Cancer Rescath Center ines ape 
Caton fom liberstory bac cris wih an ite. 
near gt aie 
to apetsol pritne ine, eth tet, 
Swe remem reponse, ail ak sucament. 
Tut irate vile websites 


wont bow and selecting ji 
See ae 
FACULTY POSITIONS 


INORGANIC CHEMIST, ‘The Williams Col 
lege Chemistry Department invites applications fora 
tenure-track position at the ASSISTANT PRO- 
FESSOR level for fall 2008 in the general area of 
inorganic chemistry. (Senior appointment possible in 


pont 


exceptional circumstances.) Initial teaching. asign: 
‘ment, depending upon the successful candidate's 
subspecialty, will include two courses from: intro 


tlociry chemi, sophomore inorganic and phir 
iol danny, Leet Dagan oproeealic 
chemiy, and iatrumental hous of tra, A 
Semesters teaching lond normally ache complete 
‘esponsitly for ane course and two laboratory 1 
fons, and superision of stadent recarch profs 
Gaited hae te PAD. o compel dn 
Seration by. Septem (pomoctoral 

cee i prcored) Tae saeco tide tes 


have a strong commitment bath to teaching at the 
undergraduate level and ing. a peontuctive 
research program. Willams College isa highly selec 


tre, coolucational teal a ttunon Of a 
tsi 30 fay an 2,000 nena 
ices ia norhwener Masachunets, 

istry Department is compos of 12 faulty members 
Sd graduates about 28 t0 30 mig each year the 


Deparment has excellent facilities for waching and 
research, The College is actively working. inerease 
the diversity 


fs scence majors and seks. an 
can hp ws et tho oa. Mal 
Sescrpitons of teaching philosophy and resarch 
jroject for undergadiates, and three letter of ree 
Samendation to: Prof. Basique Peacock: Lope, 
hair, Department of Chemistry, Willams 

lege, Williamstown, MA 01267, by November 12, 
2007, Electronic applications will not be aceepred 
For additional information about the Chemisty 
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Faculty Position in 
Princeton Neuroscience 
Institute 


Princeton University is secking to make 
the first of several anticipated new faculty 
appointments in systems neuroscience, as 
part of the new interdisciplinary Princeton 
‘Neuroscience Institute, witha focus on quan- 
titative approaches to understanding neural 
coding and dynamics 


The position is atthe junior level (assistant 
professor) fora neuroscientist, with a prefe 
ence for someone using advanced genet 
and physiological techniques to dissect 
neural circuits. The appointment will be 
joint between the Institute and the Molecular 
Biology department, 


Applicants should be prepared to participate in 
teaching neuroscience at both the undergrads: 
ate and graduate levels. Please send curricu- 
um vitae, a two-page research description, 
and three feters of recommendation by email 
toncuroseurch(a princeton.edu. All materi- 
alsmust be submitted as PDF files. The appli- 


For further information about applying to 
Princeton and. how to self-identity, please 
link to hetp://www.prineeton.edu/dof! 
aapplicantsinfo.htm, 


Princeton University is an Equal Opportu- 
nity Employer and complies with opplicabl 
EEO and affirmative action regulations 


The UC Davis Genome Center integrates experimental and computa- 
ional approaches to address key problems at the forefront of genomics, 
The Center is housed in a new research building with state-of-the-art 
jesand currently comprises 15 experi 
mental and computation faculty. These faculty are developing an inter- 
S47 nationally recognized program in genomics and computational biology 
at Davis, building on and enhancing the unique strengths and unmatched 
breadth ofthe life sciences on the UC Davis campus. 


The Genome Center invites applications fora tenure-track faculty position in computational and 
experimental approaches to network and synthetic biology. Candidates maybe at any academic 
level. At the senior level, we invite applications from prominent scientists with distinguished 
records of research, teaching, and leadership in analysis and manipulation of biological net- 
works. At the junior level, we invite applications from candidates whose accomplishments in 
Jnnovative research and commitments to teaching demonstrate their potential to develop into 
the future leaders of these fields. 


Candidates should be strongly motivated by the biological importance of their researc! 
should value the opportunity to work in close collaboration with other groups. The Genome 
Center welcomes applications from strong candidates in all areas of networks and synthetic 
biology involving medical, animal, plant or microbial systems. Investigators employing larg. 
‘scale approaches that complement existing strengths at UC Davis are particularly encouraged 
to apply 


This position requires a Ph.D. or equivalent. Candidates should be strongly motivated by the 
biological importance of their research and should value the opportunity to work in close 
collaboration with other groups. This appointment will be at the Assistant, Associate or Full 
Professor level in an appropriate academic department in any of six schools, or colleges. The 
position will remain open until filed. For fullest consideration, applicants should submit letter 
‘of application, a curriculum vitae, statements of research and teaching interests, and the names 
of at least five references to the Genome Center Web site www.genomecenterucdavis.edu 
by November 1, 2007. 


The University of California is an Affirmative Action/Equal Opportunity Emp! 


Chemical Biology/ Medical Research 


‘The OHSU Department of Physiology and Pharmacology 
Invites applications for tenur-trade faculty postions from individuals with a 
Solid chemistry background interested in applying the tools and techniques of 
chemistry to biological and biomedical research We ae especially interested 
in candidates having a strong background inorganic synthesis and research 
intereststargeting important areas in biology and medicine 

Preference willbe iven to candidates forthe postionof Assistant Professor, 
bbutexcepional candidates forthe postion of Associate and Full Professor 
willao be considered We seek individuals who will develop anindependent 
research program. contribute to the teaching of medical and graduate students 
‘and inerat with investigators studying drug metabolism signal transduction, 
ton channel biology, G-protein coupled receptors and cardiovascular and 
reproductive ology 

‘OHSU offers a hight interactive research environment and superb 
‘opportunities for career developmentina spectacular PaciicNorthwest 
Setting. Acomplete application consists of acuriulum vitae brief summary 
‘of research acomplshments an outine of future research plans. and three 
letters of recommendation 

[Applications and letters of recommendation may be directed to: 
Thomas5. Scanlan, PhD. 

Frofessorof Physiology ard Pharmacology and 

Directo, rogamin Chemical Belay 


Faculty Search (CB) 
(ON 


HE, ALTH osu 
&SCIENCE 
UD ITY 


Tenure Track Faculty Position in Virology 
Indiana University Bloomington 


The Microbiology Program in the Indiana University Department 
of Biology (http:/www.bio.indiana.edu) invites applications for a 
tenure-track faculty position in Virology, including viral molecular, 
cellular, and systems biology, virus or bacteriophage structure and 
assembly, hast-pathogen interactions, and virus evolution, This posi- 
tion is part ofa significant, continuing expansion in the life sciences 
at IU Bloomington and represents an exceptional opportunity (o join 
a strong Microbiology Program and new interdiseiplinary initiatives 
ae to Human Biology, Biochemistry, Plant Biology, Biotechnol 
stems Biology, and the Medical Sciences, The suceessfial 
‘audits wil bo previded widis compete soriup postage and 
salary and will have access to outstanding research resources and 
cutting-edge core facilities, including biocontainment facilities. The 
successful candidate will be expected to develop a vigorous exter 
nally funded research program and to participate in undergraduate 
and graduate teaching. Appointment is expected to be atthe Assistant 
Professor level, but outstanding senior-level candidates will also be 
considered. 


Applicants should mail a curriculum vitae, a statement of research 
(past, present, and planed) and teaching interests, and representa 
tive publications and preprints to: Virology Search Committee 
c/o Jeremy Bennett, Department of Biology, Indiana University 
Bloomington, Jordan Hall, Room 142, Bloomington, IN 47405. 
Please arrange to have at Jeast four letters of recommendation sent 
by E-mailto: jebennct@ indiana.edu. Questions should be addressed 
to Malcolm Winkler (mwinkler@ bia.ind 1). Review of com- 
pleted applications will begin immediately and continue until the 
position is filled. 


Indiana University is an Affemative Action/Equal Opportunity 
Employer. Women and minority candidates are encouraged to apply: 
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FACULTY POSITIONS OPEN 
INSTITUTE OF MOLECULAR BIOLOGY 
ACADEMIASINICA, TAIWAN, ROC 

‘Twotenure-track faculty positions are open forhighly qualified individuals 

toestablish independent research programs in all areas of molecular and 

‘cellular biology that would complement or strengthen the current topics in 

the Institute, inchuding biochemistry, strictural biology. developmental 

biology, immunology, and plant biology. However, individuals with 
innovative approaches that would lead to anew research program are also 
highly encouraged. Applicants should have a Ph.D. degree orits equivalents. 

‘and postdoctoral research experience is preferred. Successful candidates will 

be appointed atthe kvels of Assistunt, Associate, or Full Research Fellows 

(ihe equivalents of Assistant, Associate and Full Professors in universities) 

With a generous multi-year start-up fund, followed by aneual intramural 

support 

‘The Institute of Molecular Biology (http://ww:imb.sinicaedu.twien) is 

‘an active and stimulating research environment: well supported by Both 

intramural and extramural ndings, providing highly supportive cores such 

43s imaging, genomics, bioinformatics and mouse facilities, and maintaining 

‘lose nkemational connections and strong interactions with local universities 

‘Currently three Ph.D. programs, with one recruiting international students, 

ace formally affliated with the Institute. English isthe official language for 

regular seminars and most of the lectures inthe Institute, and proficiency in 
the Chinese language is not a prerequisite for application 

Applicants should send theie Curriculum Vitue, a description of pas research 

‘sceomplishments and future research interests, and thvee letters of reference 


Dr, Meng-Chao Yao, Director 
‘oo Ms. Vivi Chiang. 

nstitute of Molecular Biology, 

‘Talpel, Taiwan 11529, ROC 

‘The selection process will start on December 31, 2007 until the positions 
are filled. Further information can be obtained from Ms. Vivi Chiang at 
vivi@imb.sinicaedu.tw 


AUBURN UNIVERSITY 


Chair, Department of Biological Sciences 
The Department of Biological Sciences at Aubum University invites app 
‘ations and nominations for the position of Chai. Biological Sciences is 
an integrative department within the College of Sciences and Mathematics 
with expertise in a diverse array of biological disciplines offering M.S. and 
PhD. degress to ~100 graduate students and BS, degrees to ~$80 under- 
sgrduate majors. More formation about the department & available at hep: 
A nationally recognized program of excellence 
<n idcatifcd as 8 Univers prionty, and several 
‘new departmental faculty lines are antiipatod ia the next Wo years 
Applicants must have a PILD. in Biological Sciences of closely elated life 
scionces discipline as well asa record of academic excellence consistent wil 
appointment as Full Professor. Dynamic Ieadership and strong interpersonal 
sills also are roquired. The Chait functions as an administrative scholar, pro- 
ving visionary leadership to carry the Department of Biological Sciences 


{fe this postion must be able to moet ‘quirements to workin the 
US. at the time the appointment is scheduled to begin and continue workin 
legally for the proposed term of employment and be able to communicate 
clfectively 0 English 
Applicants shouk! submit a detailed curriculum vitae, transcripts, represen= 
lative reprints, a statement of administrative philosophy, personal tae 
and rescarch goals, and the names and contact information of atleast thee 
references. Applications should be sent to: Dr. Charles Saveda, Biological 
Sciences Search Committee Chair, Dept. of Blologieal Sciences, 101 Life 
Sciences Building, Auburn University, AL 36849-8407, or eloctronically 
PDFs to bloseichairseareh# aubura.edu, Review of applications will bit 
November 1, 2007. 
AUBURN UNIVERSITY JS AN AFFIRMATIVE ACTION/EQUAl, 
OPPORTUNITY EMPLOYER. Women and minorities 
‘are encouraged to apps 


iF) DANA-FARBER 


Dedicated to Discowery..Committed to Care. 


ASSISTANT PROFESSOR 


Tenure Track 


Neurobiology/Oncology 
The Dana-Farber Cancer Institute has launched 2 new program on low- 
{Grade axtocytomas and related brain tumors nchaéran Dane Farber now 
{ook wol-qvatfed applicants ore fnurerack postion at the Asstt oF 
‘Associate Professor level, with appointment nthe Department of 
Neurobiology at Harvard Medical School or Pea Oncology at Onarons 
Hosptal, of appropriate Candidates ar expected 9 Sroct rovabve apd 
Independent research on fundamental problems tatunderiepedatnc bran 
tumors and to parrpate the teaching missions ofthe latte and of 
Harvard Madical School. Developmental neurcbcogy and neuropathology 
‘ratio areas ot facustor research. The poston oles onatractve start 


4p support package in a stimulating scientiic environment. Applicants must 
‘hold a Ph.D. MD/PhD. or MD. degree, have completed post doctoral tain- 
ing, and have @ strong record of research accomplishments. Applications 
‘from women and minority candidates are encouraged. 


Applicants should submit a curriculum vitae including a full ist of pub 
lications, a bret statement of previous contributions and ture 
‘research plans as well as 

teferences to 


Room SM1068, 44 Binney Street, Boston, MA 02115 
‘E-mail: deborah. goff @dfei harvard.edu 


Applications must be 
received by 
MEDICAL SCHOOL november 1, 2007 
Tee Dac For Canc 
Siena Ooaany Eoin 


SHARE THEVISION. FIND THE CURE 


UNIVERSITY OF CALIFORNIA, SAN DIEGO 
SCHOOL OF MEDICINE 
FACULTY POSITIONS IN REPRODUCTIVE BIOLOGY 


The University of California, San Diego has launched a major expansion 
of its renowned reproductive research programs, with plans fo reer 
three or more additional basic scientists at the Assistant, Associate or 
Full Professor level, Applications are particularly encouraged from 
scientists with programs in carly mammalian developmental biology, 
ncuroendocrinology. placentation, pregnancy, ovarian biology oF caneet, 
‘connective tissue engineering, germ cell and human embryonic stem cell 
research, Applicants must hold a Ph.D. degree and will be expected to 
‘cach students conduct an extramurally funded research program, and par- 
ticipate in administrative functions ofthe department and the University 
Ample recruitment packages and excellent research space are available 
‘The successful candidate will benefit from our highly stimulating and 
collaborative ens ironment and top-ranked graduate prograr, 
Applicants are encouraged to submit a letter of interest, curriculum vitae, 
separate statements of research and teaching interests, and alist of five 
references to: Dr. Pamela Mellon (pmellon @ uesd.cdu), UCSD, Depart- 
‘ment of Reproductive Medicine, 9500 Gilman Drive, La Jolla, CA 
92093-0674. Applicants are welcome to include in their cover letters 
‘personal statement summarizing their contributions to diversity. Review 
‘of applications will begin October 18, 2007, and will continve until the 
positions are filled. 
‘The University of California, San Diego is a campus of the University 
‘of California, the preeminent higher education system in the world. Tt 
is located in the heartland of La Jolla surrounded by the Salk/Seripps 
Burmham Institutes and S00-plus biotechnology companies. The series 
and level ofthe appointments, which may include the tenure-trcW/tenured 
‘anks, will be commensurate with qualifications and experience. Salary 
‘willbe based on published UC pay scales 

The University of California, San Diego, is an Affirmative Action/ 
Equal Opportunity Employer with a strong institutional commitment to 

the achievement of diversity among its faculty and staff 


ASSISTANT/ASSOCIATE 
PROFESSORS 


Departments of 
Molecular Genetics 
and Pediatrics 


‘The Departments of Molecular Genetics and 
Pediatrics (http/Awwv.aecom.yu.edwhome/) 
are jointly seeking candidates for two faculty 
positions at the Assistant or Associate 
Professor level 


We are particularly interested in the areas of 
developmental genetics and translational 
research involving human subjects and 
vertebrate model organisms. However, 


candidates working in any area of 
developmental biology or human genetics 
are encouraged to apply, 


Applicants should submit curriculum vitae, 
the names of three references and a short 
{description of ther research plans to: Faculty 
Search, Vivian Gradus, Dept. of Molecular 
Genetics, Albert Einstein College of 


Faculty Positions 
Vollum Institute and Jungers Center 
Oregon Health & Science University, Portland OR 


“The Vellum Instat (htp:/wwwahsu.edu/vllum) and che Jungers Centr in association with 
Se pees Neng aemas or oe og Ea 
Volum search, we are puriculaly intrested in individuals with a researc focus inthe general 
areas of molecular and cellular neureiience, molecular genetics, development andfor mechanisms 
Of signal tranaductin. For the Jangers search, we are incrested in individuals whose work 
{Aidreses newrlogical diets, pecially the fundamental causes and treatments ofnewr injury 
sand neuredegeneration as well as mechanisms of neural repair and regeneration. Laboratory 
Space is available inthe Vellum lastieure and ehe adpining new Biomedical Rescarch Building 
(heep:/wwew.ohsu.cdu/ohsuedu/about/transformation/beb). Ie is expected that Junge faculty 
wll hold appoinemcnes in he Vallum Tastrute and rhe Department of Neurology. Vollicy and 
Jungers appointment ae fullime research postions with minimal teaching or elinial requ 
ments. Ample opportunitcs are availabe for collaboration with dinical unit within the Schoolof 
Medicine ax wellas research units at OHSU (wwwabsu.eda). 


Applications will be considered atall eels, We offer attractive startup packages and the opportu: 

nity to work in an outstanding scientific environment. Applicants should have a strong record of 
research and an interest in eraning graduate students, OHSU isan equal opportunity/affirmative 
action employer committed to maintaining diversity ints faculey, Candidates witha Ph.D, and/or 
MLD. and at least several years of postdoctoral experience should apply by sending one paper copy, 
and an electronic copy, of their curriculum vitae, a description of research plans and goals, ad 


Medicine, Jack & Peart Resnick Campus, 
'300 Morris Park Ave, Broax, NY 10461 


Gaty L, Westbrook, M.D. 
Senioe Scientist and Co-Director 

Volum Institute and Jungers Center Search 
Volum Institute, LA74 


three references by November 1, 2007 ec, 
‘OREGON 7) 


Organ Hel ee) HEALTH 4 
EINSTEIN Ae. Porand, ORST93090 &SCIENCE 
seve volljob @ohsu.cdu_ UNIVERSITY 
FACULTY POSITION IN. CANCER BIOLOGIST 
DEVELOPMENTAL BIOLOGY ‘Tre Ben May Department For Cancer Research 


‘The University of Georgia invites applicants fora tenure track Assistant 
Professor position in developmental biology. Appi 

of developmental 

_zcbrafish are especially encouraged to 
laboratory will be housed in the new Coverdell Center in an interac- 
tive, interdisciplinary faculty group with diverse research interests that 
[provide a supportive environment for developmental biology research. 
The Coverdell Center has state ofthe art animal facilities for mouse and 
zebrafish research. The position includes competitive silary, excellent 
Inboratory space, and a generous start-up package. The successful candi- 
date will be expected to develop a trong extramural finded research 
‘program, and contribute to teaching inthe department of appointment. 
‘This position is part ofa planned multi-position expansion ofthe Inter 
departmental Developmental Biology Group at UGA, which currently 
includes faculy from seven departments. Departmental affiliation will 
‘depend on the candidate's research focus. For more on the Developmen 
{al Biology Group at UGA, see http://devbio.uga.edu. 


Applications received by December 1,2007 are assured of fll consider- 
ation. Please emai a CY, research and teaching statements, the names of 
three references, and up to three publications (al in PDF format please) 
{o pabond@uga.edu. Emailed letters are acceptable if followed by an 
crpfnal Lets oF Ronmendation shoei be mailed to: 
Dr. Nancy R. Manley 
Associate Professor and Chair 
Developmental Biology Group 
‘S270A Coverdell Center for Biomedical and Health Sciences 
University of Georgia, Athens, Georgia 30602 


The Franklin College of Arts und Sciences i highly committed to 

increasing the diversity ofits fcully and strongly encourages appli- 

cations from members of underrepresented groups. The Universit of 
Georgia i at Afirmative Action Equal Opportunity Employer 


‘The University oF Cricaco 


‘The University of Chicago is seeking applicants for a tenure-track posi- 
tionat the Assistant, Associate or Professor level, The Ben May Depart- 
‘ment for Cancer Research (http://buggins.bsd.uchicago.cdu) isa basic 
research unit that for over $0 years has been committed tothe study of 
cell signaling mechanisms. Our Department is located in the new Gordon 
‘Center for Integrative Sciences that comprises faculty from Chemistry, 
Physics and the Biological Sciences. The current faculty is committed 
to an intendisciplinary approach using established and newly emerging 
biochemical, genetic, imaging, molecular and structural biological tools 
tontck bas rblams sgn transduction. We areseckng ousand, 
ing individuals interested in diverse aspects of tumor progression 
‘metastasis, including, but net limited to, mouse models oe other pee 
‘organisms, drug discovery. proteomics, bioinformatics, genomics and 
computational biology 


‘The Ben May Department is closely affiliated with graduate degree-grant- 
ing programs in the Biological and Physical Sciences, and Department 
faculty have access to outstanding PhD and MD/PhD students. Candidates 
should have sufficient research experience to demonstrate both significant 
‘accomplishments and outstanding potential. The successful recruit will 
bbe expected to teach undergraduate and graduate students. Curriculum 
‘vitae, bibliography, a brief statement of research interest and three letters 
‘of recommendation should be sent to: Geoffrey Greene, Vice Chair, Ben 
May Department for Cancer Research, Gordon Center for Integrative 
‘Sciences, 929 East S7* Street, Room W330, Chicago, IL 60637. 


THE UNIVERSITY 
OF CHICAGO 


Se 


The University of Chicago is an Affirmative Aetion/ 
Equal Opportunity Employer. 


wn 
fe) 
a 
> 
=I 
—} 
YY 
< 
irs 


a) 
z 
S 
e 
a 
° 
a 
> 
Le 
=) 
co) 
= 
ra 


WAKE FOREST 
Pouxivcnsiny | 
SCHOOL of MEDICINE 


FACULTY POSITIONS IN VIROLOGY 


‘The Department of Microbiology and Immunology of Wake Forest Uni- 
‘versity School of Medicine is secking candidates to fill two tenure-track 
ASSISTANT and ASSOCIATE or FULL PROFESSOR positions in 
virology beginning July 2008, We are particularly interested in individu- 
als with research programs in virus-host cell interactions and/or viral 
pathogenesis. Successful candidates will be expected to establish and 
‘maintain independent research programs and to participate in teaching 
of graduate and medical students, 


‘The Departmenthas ahighly collaborative, research-intensive faculty and 
‘an outstanding graduate program that is supported, in part, by an NIH 


training gran in Immunology and Pathogenesis. In addition to strong 
individual NIM sponsored research ogra, Departmental faculty were 
awarded $year, $9.2 million NIH program projet grant entitled "Respi- 
Talory Immunity Against Agents of Bio-terrorism.” This grant is one cl 
‘ment ina Departmentwide fos on viral and bacterial pathogsnesis nd 
immunity. Information onthe Department, as well s links to the Nonth 
Carolia comunity may be viewed at www. wfubase-e/ mi 
Review of applications will begin in September, 2007 and wil continue 
‘unt the potions are filled. Applicants should submit acuiculum vita, 
8 brief description of current and future research interests, and arrange 
tohave thee letters of recommendation sent to: 

Dr. Griffith D. Parks 

Department of Microbiology and Immunology 
Wake Forest University Health Sclences 
Medical Center Biv. Winston-Salem, NC 27157-1064 
(mak: gparksiawfubme-edo) 
Woke Forest Unversity Health Sciences isan Equal Opportunity 
“Afirmative Action Empl 


ySUTMB 


‘The Uaitenity of Teas Medical Branch 
‘Tenure Track Faculty Position 


The newly established Sealy Center for Molecular Medicine, in part- 
nership with the Department of Biochemistry and Molecular Biology, 
secks an outstanding individual for a tenure track faculty position 
at the Assistant/Associate Professor Jevel. Current active programs 
include DNA damage repair, mechanism, characterization of DNA 
repair interactions, genetic susceptibility to environmental factors, 
regulation and post-translational modification of DNA repair genes, 
as well as other aspects of molecular signaling responses to oxidative 
sess. A PhD degree and at least five years of research experience 
with strong evidence of productivity and grant support are required. 
Successful candidatesare expected to excel in mentoring graduate und 
postgraduate trainees. The ideal candidate should develop or continue 
4 strong extramurally supported research program, and contribute 10 
2 collaborative research environment with additional opportunities 
for imeractions with investigators in centers of scientific excellence 
inaging, cancer, infectious diseases, structural biology and environ 
‘mental health 


To apply, please send a C-Y. and names of four references to 
‘Werner Braun, PhD 
Vice-Chair, Biochemistry and Molecular Biology 
“The University of Texas Medical Branch 
301 University Blvd, 
Galveston, TX, 77585-0645 
Email: webraun@ utmb.edu 


UTMB is an Equal Opportunity/Affirmative Aetion Institution that 
‘proudly values diversity. Candidates of all backgrounds 
care encourage 10 apply 


Vricsore- track Faculty Position in Prowin 
Structure and Function Research 


‘As part of our continuing efforts to build strength and excellonee in 
the area of structural and funetional analysis of macromolecules, the 
Dopartment of Biochemistry and Molecular Biology at the University 
of Toxas M. D. Anderson Cancer Center is looking for an interactive 
sclontist able to devolop a world-class research program employing 
cutting-edge biophysical and biochemical approaches to understand 
ccollular processes atthe level of single molecules and their gormane 
‘complexes. Applicants should have expertise in enzymology, calorim 
‘etry, chemical biology, spectroscopy or other physical approaches. 
‘Applicants, who complement and expand our strengths in gene regula 
tion, developmental biology signal transduction, structural biology and 
‘opigonetics, willbe proferred. This tenure-track positionis attherank of 
Assistant Professor: However, outstanding scientists at higher rank will 
‘bo considered. The Department will offer a generous start-up package 
‘and membership in the Center for Structure, Chemistry and Function 
‘of Macromolecules wil provide access to cutting-edge technologies. 
Please send your CV, contact information of three references and 3 
three-page summary of your research programto: 
Dr. Richard G. Brennan, Chair 
‘Structure and Function Search Committee 
at sfsearch@mdanderson.org 
‘The application deadline is December 3, 200) 


TE UNIVERSTY OF TEGS 
ANDERSON 


CANCERCENTER 
‘Making Cancer History" 


M.0 Anderson CancarCentris an equa opportunty employer and does nat 


Universo esas MO. Anderson Cancer Cent 
subecttoexamnaton ol enminal batry recon 


Assistant or Associate Professor 
Department of Cell & Developmental Biology 


Applications are invited for a tenure-track position at the Assistant or 
‘Associate Professor level in the Department of Cell & Developmental 
Biology at SUNY Upstate Medical University in Syracuse. The 
Department is continuing a major expansion ofits faculty. To complement 
and enhance the existing rescarch interests, we will be recruiting into the 
feneral arcas of cellular function and development, Areas of interest 
toclude, but ae not limited to, canliovascular development, cell different 
Aion, cell signaling, and developmental neurobiology. Substantial 
‘enovation and expansion of departmental rescarch space and core facili: 
ties will continue in ondce to support the depastmncn's growth, 


Candidates should have a PhD. and/or M.D. degree, and posdoctoral 
experince. Assistant Professors will be expected to develop an indepon- 
deat rescarch program. while applicants at the Associate Professor level 
Should have an established tack recon of research productivity and 
funding. Substantial startup packages and competitive salaries will be 
‘provided toall successful candidates. All Department faculty participate in 


the training and teaching of graduate and medical students, 
Please submit CV, descriptions of rescarch accomplishments, future 
plans for research and teaching interests as a single PDF file to 
Tontanck@upstate.cdu Please have thece letters of recommendation 
sent to 


Dr. David Mitchell, Chair, Search Committee 
tof Cell & Developmental Biology 
‘SUNY Upstate Medical University 
750 East Adams Street, Syracuse, NY 13210 
mitcheld@upstatecdu 
For additional information, vist the department website 
wwnvcupsiate-edulodb 


State University of New York 
Upstate Medical University 
ob oman SUNY Hah Sore Cte 


fe Medical Un 


Comparative Physiologist 
University of Wyoming 


The Department of Zoology and Physiology 
atthe University of Wyoming invites applic 
tions fora full-time, nine-month, tenure-track 
FACULTY POSITION, starting August 
2008, at the rank of Assistant Professor. 
Exceptional candidates may be considered ata 
higher level. We seek an individual interested, 
incomparative, ecological, evolutionary and 

integrative aspcets of physiology who wes 
molecular approaches to address physiolog- 
cal questions atthe organismal level in natural 
systems, but encourage applicants with other 
‘back grounds, The candidate must havea Ph.D. 
and a strong research record. The successful 
candidate will teach in our Department's 
physiology program. Departmental research 
strengths include ecology, wildlife'fsheries, 
‘neuroscience, and physiology. 


uerested applicants should send a curriculum 
vitae, a statement of research and teaching 
interests, three publications, and three letters 
‘of recommendation to: Physiology Search 
Committee, Dept. of Zoology and Physiol 
‘ogy, Dept 3166, 1000 E University Avenue, 
Laramie, WY 82071. Fax: 307-766-5625, 
‘Website: http://uweyo.edu/Zoology: email 
_zprequestiauwyo.edu. Review of applica 
tions will begin in December 2007. 


The University of Wvoming is a Carnes 
Foundation Reseureh/Doctoral Extensive 
Institution, and is an AA/EEO Employer 


THE UNIVERS 


Faculty/Scientist Position in Global Biodiversity Modelin, 


‘The Deputest of Ecctogy and Evolutionary Biology (HEB) and Baniversty Rescach Cone (BRC) at the 
ode 


UUnivenity of Kansas tavie appbcation fra tenurctack poston (open ran) global odicra 
ingas a pit Professor (EEB) and Sescas (BRC) begining Aunt 18, 2008, andar 1,20 
Tie sncccsfil canst wil aimain a strong. caramualy funded rscarch program, teach undeapndiie 
22d praduse courses ecology and aces of exper, monte praduse end unicepaduat stdca rcarch 
‘olliborate widely. and contbuicto srvce activites in FEB, BRC. the Univesity and the national an intr” 
tational sect commurety Duties: Condict an active exarch program mn oder naling and Bi 
“ners snfomatics cmplusicng ecobpical and buogcoprphic conicatsAppicants st seror Evel 
show evidence of rescarch leadcohip tn arcas of biadiverst) modclng, binivesay informatics and ghal 
bradivcniy poli. incloding etabinhod record f publication and funding. A poten the candids 
ftaur roca must be eevant w the Noah Amcican Great Pains cosyscos with it focts onthe gol 
fof the RS NSHEPSCaft grant for eco-forocasting acess the Kansas River basin each undergraduais and 
‘padunte coones is biology and rebiod cas of experi: cote gradi ard uerpatuns tudes tice 
fon and research: iirat and collabora with collcagocs wo bmlogy and cer diciplincs and contbuke 
the service actvtics io EEB, BRC. the Univernty, add sciatic community Required Qualifeations: 
PRD. ncarcomplctioa or teminal dcpce im Exclogy and Evelutonary Bilogy or acta discipline by sant 
ate ofappomnament PD. & reid within 12 
becigonnd in bodivenity nodcing and biodvenityifrmaticr Demonsttcd exceence irs 
eaced by pocreevicwod plications Com fof woereraduas and pate 
toscvice a decumcoted by teaching 3 caching Prlosophy and pons: Conway 
to scching extramural wscach funding ¢vidcnced by pat pant succes dca funure plans for grat po 
promis: Wemen, minontes and candidat who wil conbuk to the climate of dNeraly i the Calle, 
Inchoing divendy of scholarly approaches, ae copocally encouraged t apply (For senor facullyscent 
riders of research aden i the areas of biovery modeling and Neder informmbcs as demo 
Straisd by tack-scord of pubicatoos and funding and cliglay for appeantmcit with Tenure at the 
‘Awociat Pll Profowor and Awociate/Scaior Scienas levels art required. For a cumple, posto 
cele hiipe/ wwwclasueds To Apply: Sub cuculue ae 

ey paper. sa lure research plane und each pi 
Yosopy thal incles cuune-d:velopmecot ike, and have at eat 3 etre of ecommendation sen 1 
Docuthy Jobanning. University of Kansas, Departinent of Ecobgy and Evolutionary Biolog, 1200 
Stnopaide Avenue (Haworth Hall, Lawrence, KS 66047534 ermal: Jorolhy@kudu Revi of 
Apphcations bepins 15 October 2007, and contnics unl the position ix ld. For more information vist 
tapolwwedareduee 

EDIAA Bnpleyer 


UNIVERSITY OF MASSACHUSETTS 
AMHERST 
GLUCKSTERN PROFESSORSHIP 


The Physics Department at the University of 
Massachusetts Amberst seeks a dynamic Fac- 
tulty member a the associate o¢ Full peofessor 
level wih an outstanding eco 
‘accomplishments, in experiment oF theory, to 
fill the endowed Robert L., Gluckstemn Distio 
gushed Professorship in Physics. The Physics 
Department anticipates substantial new hiding 
in several areas overthe next five years and out 
‘goals for the holder ofthe Gluckstem Profes- 
Soeship to help the department to move in new 
directions. Although the position is open toall 
subfields of physics, we plan a major expun- 
sion in the area of biological physies during 
the next several years and one priority is 0 
hire a leader in this field, who will help us 10 
‘build an internationally recogaized progear 
ns from established scientists 

in confidence and no references 
Will be sought without approval. Applicants 
should send a vitae, bibliography, and a brief 
‘summary of research plans and teaching phi 
losophy, and the names of five references to 
‘Gluckstern Faculty Search, Department of 
Physics ~ LGRT 1126, 710 No, Pleasant St. 
University of Massachusetts, Amherst, MA 
(01003, Priovity deadline is November 9, 3007; 
however. applications will beaccepted untlthe 
postion is filled. The University of Masschu 
setts isan AA/EO Emplover, and is aggressive 
ints efforts to hire candidates who willenbance 
the diversity and gender balance of the faculty 
in the sciences. We strongly encourage women 
‘and members of minority groups to appl 


ROCHESTER 
Genomics and Systems Biology, Four Faculty Positions 

Hocker len hat iobelndal 

Fiche casaher|=soren oy 
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‘THE UNIVERSITY OF NORTH CAROLINA 
AT CHARLOTTE 


‘TENURE-TRACK FACULTY POSITION 
STATISTICAL GENETICS 
BIOINFORMATICS RESEARCH CENTER 
‘The Bioinformatics Research Center a the University of North Carolina 
at Charlotte is seeking qualified applicants at all levels fora tenure-track 
faculty position in Statistical Genetics. We are especially interested in 
applicants with experience in the modeling of genome evolution, the 
application of phylogenetics to molecular evolution, the study of genetic 
‘variation atthe population level, and whole-genome association studies, 
in particular those that integrate multiple molecular datatypes. Preference 
will be given to applicants with strong theoretical method development 
interests. Our Center offers ample opportunities for collaborations that 
incorporate wet-lab activities both withia the University and atneighbor- 

ing clinical and biotechnology centers 

‘The successful applicant will be expected to develop a program of eciginal 
research supported by external funding and to develop and teach graduate 
core courses in Statisticsand Numerical Methods. Successful candidates 
‘must hold a Ph.D. in Bioinformatics, Genetics, Statistics, Biology, or a 
related field and have post-doctoral taining. 

Applications must be submited online (position number 1842) at hetp: 
‘Mjobs.unce.edu and should include vitae, atleast three references, and 
' Totter of interest. We are unable to consider applications submited 
bby mail or e-mail. Foe full consideration, your application should be 
received by October 15, 2007, however, the position will remain open 
until filled. For additional information, please visit our website at 
www biolnformatics.unce.edu. 


The University of North Carolina at Charlotte 


‘THE UNIVERSITY OF NORTH CAROLINA AT CHARLOTTE 
‘TENURE-TRACK FACULTY POSITIONS 
BIOINFORMATICS RESEARCH CENTER 
harlote is secking two 
Jy with research interests in the application of post- 
genomic methods to personalized nutrition, crop development or food 
technology. All academic ranks will be considered. We are especially 
interested in applicants with experience in the development of novel com 
putational techniques fr the analysis of data from cutting edge technolo 
fies such as protcomies, metabolomics and lipidomies. The sucessful 
‘candidate will be expected to develop an independent extemally funded 
research program, teach in our bioinformatics program, and collaborate 
With scientists ofthe DH Murdoch Research Institute atthe North Carolina 
Research Campus (NCRC). The NCRC isa SI.SB, 380-acre biotechnol- 
‘ogy research park 18 miles north ofthe UNC-Charlotte campus offering 
\world-<las instrumentation and an unparalleled intelectual environment 
focused on human nuttion, The NCRC will be home tothe research 
programs of large numberof private biotechnology companies, as well 
as those ofa least six NC rescarch universities and several healthcare 
‘organizations. 
Successful candidates must hold doctorate and have post-doctoral tain- 
ing in an appropeiate field. Applications must be submitted online (position 
numbers 4367 and 4363) at hetp:/jobsaince-edu and should include 
Vitae, atleast three references anda leer of interest. We are unable 10 
‘consider applications submitted by mail or e-mail For fll consideration, 
your application should be received by October 18, 2007; however, the 
postions will remain open uni filled. For additional information, please 
Nisit our website at www.bioinformatis.unec.edu 


The University of North Carolina at Charlote is un EOB/AA Employer: 


© Deparment of 
52 Human Genetics 


EOE/AA Employer. 


weasel” 


The University of Michigan Department of Human Genetics is 
recruiting faculty at the rank of ASSISTANT PROFESSOR with 
research interests in genetics and genomics. New faculty will 
join an active and growing program that includes molecular, 
developmental, population and statistical geneticists working 
‘with model organisms, patients, and populations. 


Please apply by November 1 through the Department of Human 
Genetics web site at thttp/wwwhgamed.umich.edwhr/). A 
curriculum vitae, description of current and future research, and 
three letters of recommendation should all be submitted 
through the web site. Correspondence should be addressed to: 


ally Camper, Chair 
Department of Human Genetics 
University of Michigan Medical Schoo! 
‘4909 Buhl Bldg., 1241 Catherine St. 
‘Ann Arbor, M148109-0618. 


‘Applications must be complete by 5:00 pm. EDT on the 
Novernber 1,2007 deadline. 


The UnverstyofMchigonis an Amatve Acton / Eel Opeeraenty Employes. 


oir of Mchignn 


iNGenetics 


in Health ond Medicine 


‘The University of Michigan Department of Human Genetics is 
recruiting a faculty member to fill an ENDOWED CHAIR in the 
newly established, interdepartmental Center for Genetics in 
Health and Medicine (CGHM). A basic science faculty 
appointment is available in the Department of Human Genetics. 
‘Aphysician scientist active in patient care and research will hold 
joint appointment in the appropriate clinical department. The 
Center's mission is to develop and support an interactive 
‘community of faculty in the basic and clinical sciences who will 
develop new research opportunities that integrate modern 
genetics research with clinical and public health activities. 


Please apply by November 1 through the CGHM web site at 
thitpy/www.cqhm.med.umich.edu/hr/). A curriculum vitae, 
description of current and future research, and three letters of 
recommendation should all be submitted through the web site. 
Correspondence should be addressed to: 


Dr. Sally Camper, Chair 
Department of Human Genetics 
University of Michigan Medical Schoo! 
4909 Buhl Bidg., 1241 Catherine St. 
‘Ann Arbor, Ml 48109-0618 


Applications must be complete by 5:00 pm. EDT on the 
‘Novernber 1,2007 deadline. 


The Unversty of Mchiyon ion Mime Acton quel Opportunity Eto, 


hgmedumich.edu/ 


Faculty Position 
Cancer Biology 


Applications are invited for a tenure-track position atthe Assistant Pro- 
fessor level. Exceptional candidates will be considered for appointment 
at higher rank. We seck scientists working at the cellular, molecular or 
‘genetic levels on projects related to the causes, progression, diagnosis or 
‘treatment of cancer. Appointment will bein the Dept. of Biochemistry and 
Cancer Biology, with the possibility of a joint appointment in a clinical 
department for applicants doing translational research. Cancer research 
thas been targeted for strategic emphasis, and excellent facilites, start-up 
packages, and collaborative opportunities are available. Research arcas 
‘currently represented in the department include signal transduction, 
protein trafficking. DNA damage/repair, development of gene therapy 
‘vectors, and regulation of genes involved in cell yrowth, cll differentia- 
tion, and programmed cell death, Applicants should havea Ph.D. oc M.D. 
degree with substantial postdoctoral research accomplishments, Success- 
ful candidates will be expected to develop or have extramural funding 
fo their research program and be able to participate inthe educational 
‘missions of the medical and graduate colleges 


Applications should include: a CY, description of research plans, copies 
‘of selected publications, and contact information for thee references. 
Materials may be sent via regular mail or e-mail (PDF format) to: 
Cancer Biology Search Committee 
c/o Jenifer Zak 
Department of Biochemistry and Cancer Biology 
University of Toledo Health Science Campus ~ Mail Stop #1010 
ormerly Medical University of Ohio) 
‘3000 Arlington Ave. 
‘Toledo, OH 43614 


University of Toleds is committed to diversity and equal opportunity 
‘Applications from women and minority candidates 
‘are singly encouraged 


UNIVERSITY OF MINNESOTA 


Department of Biochemistry, Molecular Biology and 
Biophysics and Cancer Center 
‘Tenure-Track Assistant Professor 


‘The Department of Biochemistry, Molecular Biology and Biophys- 
ics in conjunction with the University of Minnesota Cancer Center (a 
NCl-lesignated Comprehensive Cancer Center) announces an open- 
ing for a tenure-track Assistam Professor. Candidates with interests 
that include fundamental processes such as chromatin organization, 
transcription and signaling as well as molecular mechanisms of cancer 
are particularly encouraged to apply, For more details about the Depart- 
‘ment and Center please consult: http://ebsaimn.edwBMBB/ and http: 
shewew-cancersumn.edu. 


‘The successful candidate will be expected to develop a strong, extemally 
funded research program and contribute tothe undergraduate, graduate 
and professional teaching programs of the Department, All candidates 
‘must havea Ph.D. and/or MD degree, Desired experience includes atleast 
‘wo years of postdoctoral experience and a strong publication record, 


We will begin reviewing applications on October 1, 2007 and applica 
tions will be accepted until the position is filled. Please apply online at 
‘employ ment.umn.edu.click on “Search Postings” and enter 150802 into 
Geteelaties nase etd Pun onach cust vias ond thet 
‘statement of current and future research, Three letters of recommenda 
tion that consider both research and teaching potential should be sent to 
the: Faculty Search Committee, c/o Ms. Ann Johnson, Department 
‘of Biochemistry, Molecular Biology and Biophysics, University of 
Minnesota, 6-155.Jackson Hall,321 Church Street S.E., Minneapolis, 
MN $5455 or as an attachment fo swans] 4¥auma.edu. 


The University of Minnesota is an 
Equal Opportunity Educator and Employer 


Neurobiology Faculty Positions 
University of Maryland School of Medicine 
Baltimore, Maryland 


‘The Department of Anatomy and Neurobiology (http:/ineurobiology. 
umaryland.edu) is recruiting pinion y Sain positions 
in Neuroscience. We are interested in candidates who use multidis- 
ciplinary approaches to understand the function or plasticity of the 
‘nervous system. Of particular interest are candidates that complement 
cexisting strengths in the Department, including sensory, systems, 
‘molecular and developmental neuroscience. Candidates should have 
a strong history of scholarly activity and preference will be given to 
those with an independent funded research program. 


‘The Department contains new, state-of the-art laboratories and core 
facilities. We offer an outstanding intellectual and collaborative 
environment with highly competitive salary and recruitment pack- 
ages. All department faculty are members ofthe Graduate Program 
in Life Sciences and the interisciplinary Program in Neuroscience 
(ttp:/neuroscience.umaryland.edu).. 


Candidates should submit the following as PDF files to 
faesearch@umaryland.edu: (1) detailed curriculum vitae, (2) 
“Statement of research interests and goals, and (3) names and contact 
information for three to five references. Applications should be 
addressed (o the attention of: Professor Reha Erzuramlu, Chair, 
Faculty Search Committee. 


PHYSIOLOGY UCLA 
Assistant Professor 


‘The Department of Physiology atthe David Geffen School of Medi- 
cine at UCLA invites applications for a tenure track faculty position, 
preferably atthe level of Assistant Professor. 


We are especially interested in candidates using molecular physiological 
approaches sich as functional genomics, proteomics, molecular imaging, 
‘or systems biology. Areas of departmental strength include molecular 
biophysics neuroscience, and cardiovascular research, and candidates 
in these disciplines are encouraged to apply. However, we wil consider 
applicants in all areas of moder physiology. Areas in which we might 
hope to expand include renal and respiratory physiology. Candidates 
are expected to have a strong background in cellular and molecu! 
biology and a demonstrated interest in addressing fundamental phy: 
‘logical problems. 


The successful candidate will be expected to develop an independent 
research program and participate inthe teaching mission of the Depart- 
ment. 


Interested applicants should email their curriculum vitae, aletice with a 
statement of research interests and career goals, and the names of three 


references to Ms. Debra Moorchead at PhysiologyScarcha@ mednet. 
Sclacta Agpliceats Should aes sz Tr aes ie ot SE 
To be sentto Ms. Moorehead atthe same email address. 


UCLA is an Affirmative Action Equal Opportunity Employer: 


Women and minorities are encouraged to apply. 
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Cincinnati 


Department of Genome Science 
The University of Cincinnati College of Medicine 
The University of Cincinnati College of Medicine seeks applications and 
‘nominations forthe position of Professor and Chaie, Department of Genome 
Science. The selected candidate will lead a significant expansion in the 
Department by building on existing strengths that include (1) well-funded 
faculty research programs inthe genetics, signaling and metabolic aspects of 
‘cancer; (i) state-of-the-art research space encompassing more than 50,000 
square feet of laboratories; (i) cutting-edge, onsite core facilities, sch as 
proteomics, protein production, vivarium, mouse metabolic phenotyping. 
zebea fish aquaculture, Drosophila culture and specialized equipment and 
personne! for high-throughput drug screening and dmug discovery; and (iv) 

‘an interdepartmental yraduate cancer biology traning program. 

‘Qualified candidates must hold a Ph.D., M.D. oF M.D/Ph.D. degree and 
demonstrate ongoing success in research endeavors through a cobust record 
‘of funding and publications. The research expertise should include, but is 
‘not limited to, cancer cell biology and cancer metabolism. Suong leadership 
inthe academe community i essential, 


‘Stem Cells and Parkinson's Disease 
University of Colorado Health Sciences Center 
Denver, Colorado 


‘The Stem Cell Biology Program, the Neurotransplantation Program for 
Parkinson's Disease, andthe Division of Clinical Pharmacology atthe 
University of Colorado Health Sciences Center seck a stem cell biologi 
with MD, PRD. or MD.PhD. degrees and appropriate background 
for a tenure-cligible postion at an open rank, Some preference will 
be given to those with physician taining. Applicants should have a 
strong record of research fo their career stage. Successful candidates 
‘will be expected to develop an independent research program wit 
‘stem calls to pursue the cause and treatment of Parkinson's disease. 
‘As faculty, they will be expected to participate in teaching of graduate 
and medical students. 


reers 


‘The University of Colorado has a long record of innovative research 
in Parkinson's disease including the first transplant of human fetal 
dopamine cells in the United States in 1988, There are 12 faculty 
‘whose research interests focus on Parkinson's disease. They represent 
clinical and basic research departments in the School of Medicine, the 
‘School of Pharmacy and the Neuroscience Program. The Stem Cell 
Biology Program at the Health Sciences Center is headed by Dennis 
Roop, Ph.D. Its goalsare to foster stem cell research across disciplines, 
providing resources and core facilities to make collaborative research 
‘successful, 


Science C 


Review of CVs will commence upon receipt and continue until the position 
{s filled. Interested candidates should submit a comprehensive curriculum 
Vitae and contact information for three references to: Peter Stambrook, 
Ph.D., Search Committee Chalr, c/o The Office of Faculty Affairs, 


‘Candidatesshould send curriculum vitae, sone pagesummary oftesearch 
‘goals, and the names and contact information for three references to: 


‘Our depaciment eovers a broad range of topics, 
including molecular biology, cellular biology, 
Fiche regen ees csteeprance rem 
evolution, systems biology, biochemistry, and 
structural biology, and provides access to state 
of the art animal facilities (mouse, zebrafish, 
‘Xenopus, Drosophila) and core facilities (imag- 
ing, proteomics, genomics, bioinformatics) 

tions from 


We strongly encourage appli 
women and minority candidates. Applications 


should include: curriculum vitae, repeiots of 
publications, and a statement of present and 
fiture research plans (1-3 pages). Complete 
applications and three letters of recommen 
dation, solicited by the applicant, should be 
received oot later than 3 November 2007. 
‘Submit applications to: 
ip:/wwwameh harvard.edu/Jobs/Faculty 
For information contact J. Blackbourn/MCB. 
‘Search Committe, jullab(a meb harvard.edu. 
Depatmentof Molecular and Cellular Biology, 
Harvard University 
Harvard is an Affirmative Aetion Equal 
Opportunity Empiover 
wwwimch.harvard.edu 


7) The University of Cincinnatl Academfe Health Center, Eden Avenue Curt R. Freed, M.D., Director, Neurotransplantation Program for 
z & Albert Sabin Way, Health Professions Bullding/Room 161, Clacin- Parkinson's Discase and Head, Division of Clinical Pharmacology, 
fal hati, Ohlo 48267-0854, Attention: Genome Selence Chair Or Email University of Colorado Health Sciences Center, Box C237, 4200 F. 
= Patrila Runeauc.edu, Ninth Ave., Denver, CO 80262; email: Curt.Freed@ UCHSC.cdu 
Ee The University of Cincinatti am Afrmative Action Equal askint i csuinals Wiedman Asta e 
a Opportunity Employer Women, minorities. disabled persons, Vetaum Pilih Aas sae seteectpyerta eae 
re) cna and disabled veterans are encouraged o apply. The Academic Health re 
iS mer tsa smoke five work emronmen oat 
> 
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5 Ristak reais: Johns Hopkins Medical institutions. 
3 pvlihe “Tenure-Track Positions 
< Department of Influenza and Respiratory Virus 
Me Mole culer and Cellular ramalabcasl Reseach | Sai Marys Callee invites aplication fr vw fall 
pam Human immunology, Vaccinology, | ime, amare tack Assan Pros of Bil, both 
PME cecrlasen ae Pharmacology | being Fal 208 
part ofa broad expansion in the Life Sci- The Division of Infectious Diseases of the Johns 2 
ences a Harvad Universiy, the Department | | | jopkis schol at Medicine rerun t2 | | |* Anatomy & Physiology 
fof Molecular and Cellular Biology seeks | | | fretny'u the Awsuot ee Asso Protessor | | | 3 
‘Applications for tenure-track faculty positions, Teel  eeoniinse ie 2h egies leet * Cell & Molecular Biology 


Respiratory Viruses Program. Our focus is on 
Persons with proven capabilities 1 conduct 
independent research on respiratory infections, 
‘especially investigations that contribute 19 the 
prevention o treatment of nflucza in humans 
Ths recruitment contributes to eupunding peo 
grams in influenza virology, structural biology. 
land vaccine testing. Emphasis will be given to 
researchers with complementary research such 
asin molecular biology of vieal replication host 
Virus interactions, and quantitative analysis of 
Viral dynamics. 

‘Candidates musthave earned an MD and/oe PAD 
degree and have a record of acquiring research 
funding and prodicing outstanding scholarship, 
Salary and resources will match experience: 
‘Candidates should provide a curiculum vitze, 
1 one-page statement of carver interest, and 3 
professional references to: Dr. David Thomas, 
Chief Infectious Diseases, Johns Hopkins 
School of Medicine, Suite 437 1830 Monu- 
ment Street, Baltimore, Maryland 21205 or 
by email ear of Nadia Hay abaya jhmiedu. 
Applicaton review will begin tn Fall 2007. 

Joltns Hopkins isan 
Equal Opportunity Employer. 
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| APR. ot other terminal degre in an area o expertive 
[oasis wih exh responsi alongwith rend 
| efteahingexclencecsideme of rseach ajc, ad 
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Geaarl M.Capila, PD. Recher Jon Profesor 
| of Bilgy & Chait. Bilogy Deparment, Sunt Marys 
| Cater af Caloris PO Box 4817 Moraga, CA 98575. 
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Faculty Positions 
Yale Stem Cell Center 
Yale University School of Medicine 


The newly established Yale Stem Cell Center invites applications for 
faculty positions atthe rank of Assistant, Associate, or Full Professor. 

Rank and tenure will be commensurate with experience. Applicants 
should have a Ph.D. and/or M.D. degree. Each successful candidate 
Will be expected to develop a vigorous, externally funded research 
program on fundamental questions related to the biology of embryonic 
‘r adult stem cells. Investigators will joina vibrant stem cell research 
community at Yale with over 40 labs working on various aspects of 
stem cell biology and medicine, and will have opportunities to com- 
pete for Connecticut State funding for stem cell research, including 
research on non- federally approved human embryonic stem cel Hines. 

Investigators will also contribute to teaching graduate and/or medical 
students as well as shaping stem cell research at Yale. 


Applicants should mail a three-page research statement and CY, and 
trrange to have three reference letiers sent to: 
fan Lin, Ph.D., c/o Kristin Dugan 
Director's Office, Yale Stem Cell Center 
P.O. Box 208073, Yale University School of Medicine 
10 Amistad Street, New Haven CT 06509 


Application deadline is December 15, 2007, Follow-up inquiries 
should be sent to: kristin.dugan(@yale.edu. 


Yale is an Afrmative Action’E qual Opportunity Emplo 


Center for Sensory Biology 


Johns Hopkins University 


‘The Institute for Basic Biomedical Sciences at The JHU 
School of Medicine has initiated a major initiative to recruit new 
faculty and create cross-disciplinary and highly interactive 
research centers, 


‘The Center for Sensory Biology secks to understand the 
fundamental processes underlying the primary sens 
(ouch (including pain), chemosensation (taste and 
smell) and hearing. Research within the Center is based on 
the recognition that sensory systems use conserved biolo; 
cal processes for signaling, adaptation and modulation, and 
for protection from injury. environmental insult, and degen: 
eration, The Center is recruiting new faculty interested in 


vision, 


plinary environment, Faculty will reside in new 
the existing Basic Science research complex 


laboratories 
and receive primary appointments in existing Departments 


within the School of Medici 


Applicants should submit an application by January 15, 2008 via email 
(BBScentersiijhmi.edu). Include a CV, research plan, names of three 
references and up to three publications (all in pdf format), Indicate CSB in the 
subject line 


The Johns Hopkins University is commited to diversity and equality in education 
and emplonmant and encourarses applicants from wnder-represente groups 


Assistant/Associate Professor 
Division of Medical Genetics, Department of Medicine 
University of Washington 


‘The University of Washington invites applicants for a faculty 
position at the rank of Assistant Associate Professor, without 
{tenure (physician’scientist pathway, M.D.), or Research Assistan’ 
Associate Professor (Ph.D.), in the Division of Medical 

ies, Department of Medicine. The succes 

expected to develop an independent, externally funded research 
program related to the genetic/genomic basis of human disease. 
Candidates with a strong research background involving the 
identification and characterization of disease genes, or the appli- 
cation of genetic/genomic information toward the diagnosis oF 
treatment of human disease, are especially encouraged to apply. 
‘The successful candidate will have opportunities to collaborate 
With other outstanding members of the faculty, and will have 
access to state-of-the-art research facilities and clinical research 
programs. University of Washington faculty engage in teaching, 
research and service. 


‘The position will be open until December 31, 2007. Send CV 
10: 
David W. Emery, Ph.D. 
K236C, HSB 
1705 NE Pacific Street 
University of Washington 
Seattle, WA 98195-7720 


The University of Washington is an Affirmative Action, Equal 
Opportunity Emplover. The University is 
building a culturally diverse faculty and staff and strongly 
encourages applications from women, minorities, individuals 
ith disabilities and covered veterans. 


Immune Disease Institute 


Assistant Professor, Structural Biology 

Harvard Medical School 

Immune Disease Institute 
{Asa pat ofthe Immune Disease Insitute (IDL, fonmerly CBRI) Longwood 
Consolation anda new building poject wo be completed in mid 2008, we are 
recruiting ture rack faculty athe rank of Assistant Profs inpartnerhip 
ttt the Department of Biological Chemistry and Molecular Pharmacology 
(BCMP) a Havant Medical Schoo. 1D is highly interctive and offer ot 
standing opportunities fr collaboration a texte support. The sucess 
‘candidate wil be offered x competitive art-up package He’she willdircct an 
independent esearch laboratory at IDL ands er work wil complement and 
enhance the effets of our distinguished faculty a cel biology nununolog, 
fnammation, vascular biology, infectious disease and cancer 
We are sccking a candite who integrates macromolecular structure and 
biological function, especially sencone who works on fundamental problems 
iolving signal ranemission i extracellular an cytoplasmic envitonments 
and across ell membranes. Approsches using molecular dynamics and 
spectroscopy, incluling EPR, protein structure prediction and design, X-ray 
{Gystllograpiny and innovative light microscopy wil be of speci interest 
Thenew sructral biol initiative at IDI wil be able vo deaw on avaiable 
resources such as the HNIS Center for Molecular and Cellar Dynamics 
(cmc) 
Please forward a cover kter requesting consideration by the search com- 
smiles, cuiculum vita. reprints of key publications, leer separately set 
from tec referes, and a two-page statement of rescarch interests incl 
ing previous contributions and future research plans, no atc than October 
30, 2007 to: Timothy A. Springer and Tomas L. Kirchhausen, Search 
‘hairs, Imauoe Disease tnstitue (DI), 200 Longwood Avenue, Boson, 
MA O21; recruitment @idi.urvard.edu 

{DI and Harvard Medical School are Affirmative Acton 
qual Opportunity Employers. Women and minority candidates 
“re sais encourages to app 
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FACULTY POSITION 
IN BIOCHEMISTRY/ENZYMOLOGY 
University of California, Davis 


‘The Section of Molecular and Cellular Biology (MCB) within the 
College of Biological Sciences atthe University of California, Davis, 
invites applications for a tenure-track position at the ASSISTANT 
PROFESSOR level. Competitive candidates must have a Ph.D. 
(or equivalent). The department secks to hire talented new faculty 
who will develop an outstanding research program in the area of 
BIOCHEMISTRY/ENZYMOLOGY while maintaining a strong 
commitment to excellence in formal instruction of this discipline at 
both the undergraduate and graduate levels. Building on our highly 
interactive and multi-disciplinary research environment, MCB is 

biochemistry/enzymology candidates who will 
complement the existing strengths of the section 


Candidates should submit a curriculum vitae, a 1-2 page summary of 
research accomplishments, a 1-2 page description of furure research 
plans, copies of one fo three major publications, and a statement of 
teaching experience and/or interest online at www.meb.uedavis.edu. 
Candidates should also arrange for three letters of recommendation 10 
be submitted online or sent by mail for Faculty Search Committee, 
Section of Molecular and Cellular Biology, One Shields Avenue, 
University of California, Davis, CA 95616. This position is open 
‘until filed although to assure full Consideration, complete applications 
should be received prior to November 1, 2007, 


The Section encourages women and minorities o app 
The University of California, Davis, is an Equal Opportunity 
Affirmative Action Employer. 


The UNIVERSITY 
OF CHICAGO 


‘The Department of Neurobiology in collaboration with the 
new Neuroscience Institute se to recruit new tenure- 
track faculty. The search will target individuals studying 
cerebral cortex and/or CNS development. 


Interested persons should send their application to: (via 
regular mail) 
S. Murray Sherman, Chairman 
Department of Neurobiology 
The University of Chicago 
947 East 58th Street 
Chicago, IL 60637 


wr via e-mail with attachments: 


idegroot@bsd.uchicago.edu 


The applications should include a cover letter, curi 
vitae, a statement of research objectives, and the names 
and contact information of three academic references. 
Applicants are also responsible for arranging to have the 
reference letters sent. Applications will be accepted until 
the positions are filled. Application review will begin 
November 1, 2007, 


The University of Chicago is an Equal Opportunity/ 
Affirmative Action Employer: 


THE UNIVERSITY OF NORTH CAROLINA AT CHARLOTTE socks 
applications for a TENURE TRACK FACULTY POSITION in BIO- 
CHEMISTRY a the ASSISTANT OR ASSOCIATE PROFESSOR evel 
tobepin August 18, 208, 
Required qualifications include: Ph.D. in chemistry: postdoctoral, ixs- 
‘wal or academic experience; a commitment wo excellence i teaching at the 
‘undergraduate and graduate levels (inchading courses tn byochemist ana a 
‘commitment to establishing aproductive, externally fended research prograrn 
Requirements forthe associate professor level position also wichude areconl 
of teaching research productivity and external funding appropeate to rank 
We especially weleome applications from biocemists interested in de clop- 
ing callaboratins through participation in any of scvcralitcnliseipinary 
[programs on campus, including the Nanoscale Science Ph.D. program, the 
inary Ph.D. in Biology, the Bioinformatics Research Center. the 
Center for Biomedical Engineering Systems, the Centr for Optoelectronics 
Optical Communications, and the emerging Biophysics community. Sig- 
‘ificant opportunitics are alsoavailable tocollabora: w ah the loal Carolinas 
‘Medical Center. unique opportunity exists 10 network from the grown 
‘with the nearby North Carolina Research Campus (atip://www.neresearels 
‘eampus.net), «SI billion 350-aere biotechnology research park that wall be 
Thome tothe research programs of private biotechnology companies, six Noch 
‘Carutina rescurch universtics and several hsalthe are organizations 
Applications must be made elsetronicaly at htps:/Jobs.nee.edy ac must 
include a CY, the names and contact information of thre references, and 
statements on esearch plans ad tcacing interests and philosophy. Questions 
bout the search may be dirceted to Dee Joanna K. Krueger, Chair of the 
Biochemist Search Committe. 9 unce-ed_ For fll consideration, 
all aplication materials should be recerved by November 12007. Review of 
‘applications will begin immadiately andl continuc until the position fill 
Applicants may visit wwwwchemaneesedu for moce detailed information 
UNC Charlotc, 22,000 student campus ofthe University of North Carolina 
system, is one of the largest and fastest growing research universitics i the 
‘Southeast and is situate on a modem, attractive, thousand-aere campus, 
UNC Charlate + academic climate respect the dignity of all 
individuals and encourages diversity including but mot limited to ability 
disability. age. culture, etaicity, ender. language. rae. religion, sexual 
briemtation, and socio-economic status. The University of North Carolina 
‘at Charlotte is an EOE/AA Employer and an ADVANCE tnsttution. 


FACULTY POSITIONS 
DEPARTMENT OF BIOENGINEERING 
UNIVERSITY OF CALIFORNIA, SAN DIEGO 


The Department of Bioengineering inthe Jacobs School of Eny 
University of California, San Diego is inviting applications for one oF more 
TENURE-TRACK or TENURED FACULTY POSITIONS at the Ass 
Professor, Associate Professor or Full Professor levels, Successful 9 
willbe expectedto teach undergraduate and graduate courses in Bive 
and to establish a vigorous program of high-quality federally funded bioengi- 
‘neering research, particularly research that focuses on genome-seale or systems 
approaches to biological complexity. integration across mukiple scales from 
‘molecule to organism, andor applications relevant to regenerative medicine 
Exceptional candidates in other areas may also be given consideration, 
The Jacobs School of Engineering enjoys clone collaborations with the UCSD 
‘School of Medicine and the Divisions of Biological and Physical Sciences. 
Qualified individuals may be eligible for joint appointments. The level of 
appointment will be based on experience and qualifications. Salary will be 
based on published UC pay scales. Applicants are asked to submit materials 
coo-lineat htp://www-bioeng.uesd.edu/recrui/. Please include a cover letter, 
curriculum vitae mcloding a complete list of publications, samples of pub- 
lished research and teaching evaluations (if available), the names and contact 
information of five referees, a statement summarizing research interests and 
{caching experience, andany leadership activities or contributions todiversty 
Please do not include your Social Security Number 
Focioquiries plasecontact: Faculty Search Committee Chair, Department 
of Bioengineering, 9800 Gilman Drive, Mail Code 0412, La Jolla, CA 
92093-0412, oc by emailto recruiti@bioeng.vesd.edu, Review of applications 
will begin October 01, 2007 and continue until the postion or positions sre 
Silla. For applicants with interest in spousal’partner employment, please see 
the web site forthe UCSD Partner Opportunities Program. 

UCSD is un EOIAA Employer with a stromg institutional commitment 10 

‘excellence throusgh diversity 


cee tse Karolinska 
cy 5 insatutet 


PROFESSOR IN MEDICAL 
PROTEOMICS 


Karolinska Institutet invites applications for a 
position as professor in Medical Proteomics. 


For further details please contact Professor 
Jesper Haeggstrém, phone: +46 8 524 876 12, 
email: Jesper.Haeggstrom@ki.se or the SACO 
union representative Michael Fored, phone: +46 
8 517 791 81,email: Michael.Fored@ki.se 


Please state your qualifications in accordance 
with the Karolinska Institutet qualification portfolio 
available on the Web page http://info.ki.se 


Deadline for applications is October 10, 2007. 
Reference no 2285/ 07-221, Registrar, 
Karolinska Institutet, SE-171 77 Stockholm, 
Sweden. 

For the entire advertisement please look at http:/ 
Jjobb.ki.se/internal/general/starteng.asp E- 
mail: Registrator@ki.se 


FACULTY POSITION 
CENTER FOR MICROBIAL PATHOGENESIS 

The CENTER FOR MICROBIAL PATHOGENESIS at Columbus Children's 
Research institute, Columbus Children’s Hospital, andthe Department of Ped 
aries, College of Medicine, The Ohio State University seck PRD, MD, or 
[MD/PhD candidates fora tenure-track position atthe Assistant Professor rank 
to develop and conduct an independent research program in the fckds of cellular 
snd molecular microbiology. One arca of terest yncludes bacterial pathogens 
causing discase i the airway with a specific emphasis on understanding the 
molecular mechanisms by which respiratory tract pathogens resist effectors of 
tomate immunity and othce related essential survival stategics. Applicants must 
Ihave independent funding. Research space is available within the Columbus 
‘Children's Research Insitute. This recruitment i part ofa larger muli-year 
planned expansion of research initiatives by the iastdution and ancludss the 
2004 completion of a 160,000-square-foot five-story research building that 
houses 48 state-of-the-ant laboratory modules. Additional research space 


DNA soquencing. low cytometry. informatics, histopathology, transgenic, 
microarray, ES cell, and transgenic cores. Joint appointments within graduate 
“dcpanmeats of The Obio State University are available, 
For more information, please visit our website at wwe cer.net 
Address correspondence with three references and curricular 
Lauren O. Bakaletz, Ph.D, 
Director, Center for Microbial Pathogenesis 
‘Columbus Children’s Research Institute 
700 Children's Drive, Rem. W591 
‘Columbus, OH 3208 
Phone: (614) 722-2915 FAX: (614) 722-2818 
‘E-mail: hakaletl@eeri.net 
The Ohio State University is an Equal Opportunity 
Affirmative Action Employer. Qualified women. minorities, 
Victnam-cra veterans, disaMled veterans, 
‘andthe disabled COLUMBUS. 
care encouraged to apply o- 
swans RESEARCH INSTITUTE 


PURDUE 


UNIVERSITY 

The Deparment of iochemisty ivitss applications for ww tenure tack 

faculty postions (1 Assistant Profesor and | Associate Profesor that focus 
7 fllowing. 

1) The enzymology or enginccring of metabolic pathways with significant 
impact on disease, Areas of particular iterest weld diabetes, cato- 
‘vaseubs disease and obesity 

2) The pathway sand enzymes tclevanto biofuel production. A 
«includ plant cll wall bios tesis, pobysaccharide hy 
‘micmbial fermentation of sugars wo bol 

The succesful candatss wil be expected w develop a nationally and ete- 
tatinallyrecogniacdrescarch program. interact with sccoacaly dere 
faculty across campus and demonstrate excellence teaching 

The Deparment of Biochemistry i part ofa large and vibrant ie science 
community a Pure and ove Luly participates so atrdse phnary peo 
rams in cancer biophysics, gents, plant biology and neuroscience. Sup- 
Port fais arc avaiable for genomic analy mctaboomics, poten mass 
Spccrometry, NMR. X-ray crystallography. image analysis, computation, 
fi vansgenic animal work. For moc nfrmation about our dspartment soe 
nw w.biochem purduciedu, 

“Applicants for assistant professor shoult have a PhiD. oe MLD. at east two 
Jeits of postdoctoral experience or ts equivalent, a strong publication 
fecord, the potential to devslop a vigorous extramural fund research 
Program and a corte wo fescarch and teaching excellence. Candaates 
I the associate professor level also shoul havea tack record of igiicant 
‘extemal funding. Applicants are ask to suet materials letra 10 
bochem-scarch purdue.cdu. Applications shoul! ielude a coer ete, 
‘uriculum vita, a two-page summary of esearch intrest, a satement of 
teaching objccuvesimterests and he nares and costal sora of tece 
references Sercening of applicants will gin October 12,2007 and continos 
tnt the positions are filled 

Purdue University isan Equal Opportunity /Equal Acess/Affemaive Action 

Employer full commit to achieving adverse workforce. Women and 
indus rom undercprschtodsroups are 
encouraged apps 


THE UNIVERSITY OF 


KANSAS 


Faculty/Scientist Position in Ecosystem Scientist 


‘The Department of fzclogy ana! Evoluionsry Biology (HER) snd the Kans 
[Biological Survey (KBS) athe Univety of Kamas (RU) invite applications fr 
lure back posaion in eonsysiem ology a 4 joint Assistant Profeser (EEB) sd 
AAssnua Sctetit (KBS) begining Augint 208 ex Janry 2009. The susceal 
‘andie will martin a strong. extramonily funded research program, teach unde 
[radade and grab cones cwokigy sed acasofexportne mente grodite ond 
Undergrads alent wecarch,calaborte wid and corre sre ates 
{S EEB, KBS. the Univeral. snd tinal and weemationsl seni vanity. 
‘We scck cantidats who will conf rescarch in terrestrial or aquatic ecology that 
emphawes dynamic processes a the ccosysiem, landscape, and global evel ahd 
‘Sho will dcvclop andor apply modcl ax frecetve andor scaling took wn the co 
{ex of envirunmeatal change. Examples of rescarch areas could include uta oot 
ented, biogeochemical ates, cus) stem enerscis, organic muller proces 
andor the rlatiomaps betwcco bravery and ecosystem fnetion A portion 
{he candies ture rescarch mus be eleva io dhe Neth American Great Ps 
ecosystems with iil focus on the goals of the KS NSPIEPSCaR rant for cco- 
erecting acros the Kamas River Pin 
‘Required Qualifications ae: Ph.D. by date of sppoiniment in an appropiate dis 

ile. demonstrated excellence in exsysicm research (evidenced yp 
‘eviewed pubicatast commamcal to ser we and wy pralute wel under rad 
Modeot alucation (Jocunntal by leaching experience of satement of teaching 
[philmopty und plam): commitment to secking ex fads (ev 
‘enced by ast pant saceess ordeal faire ans fr rant prop 
ingest contntute tothe chat of schokuslp and te divert of though ahd 
preaches at KU, Post-doctoral experience is prefered, Fora complete postion 
announcement and requirements plewe refer tothe KU Callegeof Liberal Ars & 
Sccows webs a ipo wwwaclashuuede 
‘To Apply: Subaitcumiculum vite, hey repriats, statements of research plans und 
teactang philosophy with cour development irsrests and have at east 3 keller. 
of recommendision sev ta: Dorothy Johanning, University of Kansas, 
Department of Ecology and Evolutionary Biology, 1200 Sunnyside Avenue 
(Hiaworth Hall), Lawrence, KS 66085-7534; e-mal:jdorothy@ hued Review 
‘of applications hepns 15 Ocicber 2007, and continaes WABT The postion filled. 
Fer more informanon vist hllps/wwwuseduleeb 

EDIAA Employer. 
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WORKINGAT THE 
UNIVERSITY OF GENEVA 
‘The FACULTY OF SCIENCE seeks an 


ASSISTANT or ASSOCIATE or FULL 
PROFESSOR 
in Plant Molecular Biology 


(wwwunige.ch/sciences/biologie/bioveg) 


POST: Full-time research and teaching position n the general 
area of plant molecular biology. Special consideration given to 
scientists studying important biological problems using novel 
multidisciplinary approaches. 


REQUIREMENTS: Ph.D. degree or equivalent. Experience in 
teaching and leading an independent research project. 


STARTING DATE: 1st January 2008 at the earliest. 


Candidate files must be addressed before November 2nd, 
2007 to : Décanat de la Faculté des sciences, 30, Quai Emest 
‘Ansermat, CH-1211 Genéve 4, from whom additonal information 
‘can be obtained regarding the responsibilities of the post and 
‘other conditions, 


The University of Geneva is an equal opportunity employer and 
encourages applications from female candidates. 


UNIVERSITE DE Geneve 


Tenure-Track Position 
Applied Physics — #07244 


[Located in Ithaca, N.Y., Comell University is a bold, innovative, 
ve and dynamic teaching and research university where staff 
and stulents alike are challenged 


poled and Engineering Physics at Cornel! Univers 
sccking applications for a tenurctrack, assistant profeswr position. 
(Consideration of applications for an asocite or fll professor level 
Psion may also Be given to exceptionally well qualified individuals 
Giidates mast be ale to demonstrate the abiliy 10 d 
Siceesflindopencnt escrch peor in an cao 3p 
ely inc teaching ofthe applied py 
a boxh the undorgraduate and graduate fve. 
this scarch inode but ar nt limited opis and photons. bo 
Pisce, manowructure scienoc and techaclogy. navel isin 
methods, computational plysics, and matonas. physi. Pro 
anddatcs who. wih to punuc iatcuscipinary research eff 
Stongly encouraged to aply. The successful applicant can expect Very 
ompettive evel of sippom for the start-up of a escarch progr, 
Comdcrabe insitional resources are avaiable 2 Cornel that can 
Strengthen thir excarh progam and supponintrdcplinary sn 
trllaborative research ventures. The sucessful canuidate can expat 10 
pa associat with one or more of Cornell’ inensciptinary 
‘and naonal resources, ited 
hum werginering-cornelledul research escarch-centers 
“Applications consisting of a resume, a satment of teaching pilewop 
Fe (pape ls) Sanco of roca irs ae te aos od 
‘Teas ge fefercnces, souk! be submit on-fine at 
‘cornelledu/ The application dcalline 3, Docem 
afer amary 1,208 and will continue 


Cornell Univers’ 
Cornett University isan Affomative Action 
Equal Opportanit, Emploser and Eaucator 


e.com/jobs/profiles/23 


Lincoln 
Professor and Chair IANR 


Department of Biochemistry 
University of Nebraska-Lincoln 


‘The University of Nebraska-Lincoln is seeking an individual with an 
‘outstanding research program and excellent interpersonal skills who can 
‘provide energetic and ereative leadership for the research, teaching, and 
public service activities ofits Department of Biochemistry. A competi 
tive start-up package is available for this fll ime, 12-month appointment 
‘The Department of Biochemistry is rapidly growing and includes 15 
‘budgeted and 10 affiliated faculty members. The research programs inthe 
Department are currently supported by annual grant and contract awards 
exceeding $5 million, The Department houses the NIII-furxled Redox 
Biology Centerand has established strengths in biomedical research, plant 

structural biology, bioinformatics, and classical enzymol- 


‘ogy. The Department is located inthe state-of-the-art George W. Beadle 
‘Center, which is also the home of the NIE-funded Nebraska Center for 

ive, the Center for Biotechnology, and 
key core research facilities. To learn more about the Department, please 
visit the website http://biochem.unLedu. 


‘Toapply forthis postion, access the web site http://employmentunl.edu. 
‘Search for position number 070695, Complete the faculty academic 
‘administrative information form. Attach a letter of application, curicu- 
Jum vitae, andthe contact information for three professional references. 
Review of applications will begin on October 19, 2007, and continue 
‘until the position is filled. 


The University of Nebraska is committed to a pluralistic campus 
community through Affirmative Action and Equal Opportunity and is 
responsive to the needs of dual career couples. We assure 
accommodution under the Americans with Disabilities Aet: contact 
Lind Amold at 402-472-3802 for assistance. 


Immunology Faculty Position at 
the Sloan-Kettering Institute 


‘zie bien 

‘plants shun ave a dctoraHeve dy 
independent 

the ieel of appainunen Ov 

‘ppednanent in 


gahuate : 
School of Biomedical Sere the Wi 


Plicatiom. Candidates do 
‘Cor by mail w imuneienccane or regular tall We De. James P. Alls, 
Guairman, lmmuaolog: Progran,C7O Dam Agowo, Memorial loankKetering 
(Gascer Ceater, 1273 Fork Aremoe, Box 491, New York, NY 10065. Appiaion 
Dealline: Nenember 1, pease vat our write a 


sewvabeda: Fr Quesiens please enll agoned@uaicearg. Merial Ska 
Spay Ccer Gener ban atid Sea egTOp dy eper 
£4\ Memorial Sloan-Ketteri 


15D rae me 


Cancer Genter 


Center for Learning and Memory 
Institute for Neuroscience 
‘The University of Texas at Austin 


The Center for Learning and Memory atthe University of Texas at Austin invites 
applications for a number of tenure track faculty positions at the Assistant, 
Associate, and Full Professor levels 


While the fick! of interests open, we are particularly inteestol in candi 
using genetic and molecular approaches to snvestigate plasty, Ieaming. and 
memory in mammals Successful eandidatcs will jon an expanding and vibrant 
academic envfonment and will be expecta to develop and masstaio an active 
research program. Academic appoioiments will be made a the appropriate 


128 Schoo! of Pharmacy, or Schoo! of Engincering. The positions will 
include highly competitive salary and startup packages 


The University of Texas in Austin is involved in a major expansion of the 
Instiate for Neuroscience, buihling upon astrong fcuky base at Neurobiology 
Psychology, Pharmacy, Computcr Scicnee, Integrative Biology, Biomedical 
Engineering, Physics, Chemisty, and the Institute of Cell and Molecular 
Biology. Successful candidat will have thie laboratories tothe now Neural 
and Molseular Sciences Building located in the heart of the beautiful UT 
‘campus. 


Austin is located in the Texas hill eo 
America's mos bent and ivabl chic (oe wore auatntess ag/bemy 


Homepage: http//elm.utexasedu 


he University of Texas at Austin i an Equal Opportunity Employer. Oa 
fied women and minariics ar encouraged 0 apply background chock 


Baylor College of Medi 
‘The Department of Biochemistry and Molecular Biology invites 
applications fora tenure-track facul s 
ASSOCIATE PROFESSOR rank. The Department maintains diverse 
areas of research with strengths in molecular genetics, developmental 
biology, cell biology. signal ransuction, neurobiology, and structural 
biology. We are seeking outstanding candidates who are pursuing cut- 
ting-edge research in molecular, cell, or developmental biology. We 
are especially interested inthe areas of genome instability regulatory 
rnctworks, membrane and organellar biology, and mouse models of 
human disease 


c 


‘Our Department offers a collegial, collaborative environment and has 
4 tradition of being very supportive of new faculty, Baylor College of 
Moticine is located in the heart of the Texas Medical Center and is, 
ated with 11 educational institutions, including the University of 
Texas Medical School, The UT MD Anderson Cancer Center, and Rice 
University, to name a few. Academic rank and salary are commensurate 
‘with experience and qualifications. Candidates should send a cover 
Jettr, curriculum vitae, statement of research interests, and names and 
‘contact information for three references 


Applications may be submitted electronically o: BMBsearchia bem edu 
‘or by mail to: Dr. John Wilson, BMB Faculty Search, Department 
‘of Biochemistry and Molecular Biology, Baylor College of Medi- 
«ine, One Baylor Plaza, Houston, Texas, 77030. The committee will 
review applications beginning September 1, 2007, and will continue 
‘until the position is fille. 


Baylor College of Medicine is an Equal Opportunity 
Affemative Action and Equal Access Employer. 


THE UNIVERSITY OF 


KANSAS 


Evolutionary Genomics Scientist 


"The Department of Ecology and Evolutionary Biology at the University of 
Kansas invites applications for a tenure-track faculty position at the 
‘Assistant Profesor evel. Position isexpected to start August 18, 2008. The 
sucessful candidate will maintain a strong. extramurally funded esearch 
Program, teach undergraduate and graduate coures in genetics and eV 
Iutionary bielogy and areas of expertise, mentor graduate and undcrerad- 
ate student research, collaborate widely and contnbute 4 serve activities 
‘of the department, the university, and the national 


tionary genomics. Preference willbe given to candidates with a rescach 
program that (1) combines molevular and elawiealgeoetic aprons 10 
dy a genetically tractable organism, and (2) deve 
to hivher 
degre in an appropriate field expected by start date 
“doctoral eapenence:n genomics oe elated il demonstrated exclioe 
inescamhin evolutionary pencti/genomics:commiment to sere and 
te undengaduste and grade student eddcation: and commitment to scch- 
ing extramural rscarch funding. Women, minorics ad canuidats wo 
Wil contbute to the elinute of diversity inthe College. includ iveei- 
ty of scholarly approach, are especialy encouraged o apply. Foe a com 
pick prstion announcement and requrements, plea sce the KU College 
(Of Liberal Ans & Sciences website at www.clas kusedu To apply: sbet 
‘uriclum Vue (with e-mal adds) repr of ey paps Statements of 
reat and future research plans and wachiog philosophy that inches 
ourse-development interests and have at cas rcs kucrs of Fecoeue 
ddtion sent: Dorothy Johanning, Dept. of Ecology & Evolutionary 
Biology, University of Kansas, 1200 Sunmpside Ave, Lawrence, KS 
{66045-7534 (email: jdorothy@kusedu). Review of applications begins 
' October 2007 and Sonus UAT poston Is ills. Fer mowe informa 
tion, visit hii: /wwwekuedulmeeb 

EQIAA Employer. 


Baylor College 


Baylor College of Medicine seeks applications for a tenure-track 
‘or tenured faculty position in the Department of Biochemistry and 
Molecular Biology (http://www.bem.edu/biochem/). We are 
‘especially interested in individuals with interdisciplinary research 
programs using and developing cutting edge technology in the 
areas of chemical biology, high-throughput sereening, molecular 
biophysics, and molecular imaging. These research areas will 
‘complement existing strengths in the Department in structural and 
‘computational biology, molecular biophysics, proteomics, recep 
tor structure/function, RNAi screening, and genetics of model 
organisms. The successful applicant will have the opportunity 
to participate in the highly interactive and collaborative research 
and taining programs of the Gulf Coast Consortia, which include 
BCM, University of Texas Houston Medical School, M.D. Anderson 
Cancer Center, Rice University, the University of Houston, and 
University of Texas Medical Branch. 


Weoffer competitive tar-up and salary, commensurate withexperi- 
‘ence and qualifications. Candidates should submit electronic v 
sions (PDF or Word files) of a cover letter, curriculum vita, state- 
ment of research interests, and names and contact information for 
three references to Dr. Theodore Wensel at: bmb-eb@bem.edu. 
The committee will review applications beginning September 1, 
2007, and will continue until the position is filled. 


Baylor College of Medicine is an Equal Opportunity 
Affirmative Action and Equal Access Employer 
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NORTHWESTERN 
UNIVERSITY 


The Department of Neurobiology and Physiology in the Weinberg. 
College of Arts and Sciences seeks to recruit a new faculty member 
at the Assistant Professor level. Applicants holding a Ph.D or 
M.D. degree, and demonstrating an outstanding record of scientific 
achievement will beconsidered. We are interested in individuals whose 
research addresses fundamental issues in neuroscience and who show 
significant potential for innovation, scholarship, and commitment to 
excellence in research and teaching. Successful candidates will be 
expected to establish and maintain a high-profile research program, 
attracting substantial extramural funding. The appointee will have 
access to state-of-the-art life science research support facilities and 
‘opportunities to interact with colleagues in the Institute for Complex 
‘Systems, Cognitive Neurology and Alzheimer's Disease Center, Center 
for Reproductive Science, Center for Sleep and Circadian Biology 
Robert H. Lurie Comprebensive Cancer Center, and an interdepart- 
‘mental neuroscience graduate program with over 150 faculty 


Applicants should submit a curriculum vitae and description of 
research plans fo: Search Committee Chair, Department of New 
robiology and Physiology, Northwestern University, 2205 Tech. 
;vanston, IL. 60208 (ww w.northwestern.edu/neurobiology/), 
Three letters of recommendation should be sent to the same address. 
Applications received by November 15, 2007 will be ensured full 
consideration, 


Northwestern University is an Affirmative Action/Equal Opportwaity 
Employer. Nomen and minority candidates are encouraged to apply 


Tenure Track 
Faculty Positions in 
Developmental Biology 


al Sloan-Kettering Cancer Center 
for junior tenuretrack faculty posi the 
Program in Developmental Biology. Successful candidates will carry 
cout independent research programs addressing problems in an 
aspect of Developmental Biology. Topics of particular interest 
include stem cell biology, gametogenesis and genetic mechanisins 
in development. SloarrKettering li 

and exciting research envi 

and resources w 

be eligible to 


HI University, as well, 
ogram. 


devbiosirmakec.ong. by Now 007. The application should 
Vitae, a description of past. research 

pies of thice representative 

nge 0 ane tice, een of 


elerence sent by cenail tx devbrmskes 
Devdopmental Biology Search, «70 Ms. 
Sloan-Kettering Cancer Center, 1275 York Avenue, Box 185, New 
York, New York 10065. The letters shoul arrive by November 1 


2007, Inquities may be sent to Ms. Lennon at 
to Dr n Andenon, Chait, Dewlopmen 
‘Memorial Slaan-Kett 


PURDUE 


UNIVERSITY 


Faculty Positions. 
College of Science — Purdue University 


{As part of its strategic plan, the College of Science at Purdue is 
hiring faculty in several exciting areas, including core hires with the 
departments and interdisciplinary hires in thrust areas identified by 
the College. All hires will have a departmental home in one of the 
college's seven departments: 


Biological Sciences 
Chemistry 

‘Computer Science 

Earth and Atmospheric Sciences 
Mathematics 

Physics 

Statistics 


Multidisciplinary hires may be joint between departments or with 
ie colleges. Links to these departments and the application sites 
ccan be found on the College of Science hiring page: 


httpy/iwww.science.purdue.edu/hiring! 
APh.D- ina field related the position sought is required. The successful 
‘candidates willteach courses awl conduct esearch in theic area of specialty 
Applications from outstanding candidates i all areas will be considered. 


Purde University isn Equal Opportunity Equal Access’ Affirmative 
Action Employer fully committed to achieving a diverse work fore. Women 
an individuals i underrepresented groups are encouraged to appl: 


FACULTY POSITIONS AT 
THE ROCKEFELLER UNIVERSITY 


‘The RochelaerUniveiy seeks exceptional ntractve and creative sient to jin 
1s tacuty. We inte appicatons tom outstanding candidates for tenure rack 
Dosti and ali encourage terred Prfesors o apply, provted tha hey ae ary 
oni thes comers, 
‘The Rochalla Uiveraty provides stong financial support othe research warko is 
facut. The postions oer tighy conpetve salary banelts and startup finds, new 
of recerty renovated latory space, access 10 numerous stao-cb-beat core 
{aoities and extensive opportunties for coluboraton both wiin the Univesty and 
wih neightoinginttutons. The Unbersty abo provides very strong carting 
‘support forresearch werk beyond stat-ap, hus ul suppor fr grace students, 
‘The University has a iboratory-based organization structure that fosters 
Interdscipioary seach in the follwing areas: 

* Chemica! Biology 

* Evolution and Ecology 

+ Medical Sciences and 

Human Genetics 
+ Microbiology and immunology 


Dees at mecte noect cleat ca beac at Mp heuer earch, 
Agpleaions ws beg accepted elecencaly though ou Online Applleation System 
3 Ntp/ows rocketed. 


Appears shoud folow the osine appication rocedue which incides submitting 
the talowing 
* Curreutan Vtae with a putiation Het 
+ Satement of Research with a2 page desorption of sigaficart research 
accomplshmerts and a2 page descrpton of fue research plans 
(pages mane 
+ Relevant pubatons optional, maximum of 3) 
It you have qzstons mgartng subniting an sppcatin, plese contact ox Facuty 
Sach Acme st aeutysearcherockefeereas. 
‘The deadline for receptof applications is November 9.2007, 
‘The search wil be reapened in February, 2008 witha deadine 
cof fort 15.2008. 
‘Toe Rocketllar Univesity isan Atfmative Action qual 
iBYVEVRAA Employer and welcomes applications tom 


* Neurobiology 

* Physics and Biology 
Physiology of Organisms 

+ Physiology of Single Cells 


pporen 
women and underrepresented miosis, 


Center for Immunology and 
Microbial Disease 
Albany Medical College 


Faculty Position 


The Center for Immunology and Microbial Disease at Albany Medical 
College invites applications for a tenure-track faculty position from 
individuals who have a doctoral degree, postdoctoral experience, and 
demonstrated research productivity. Those with an interest in bacterial 
pathogenesis and host-pathogen interactions are particularly encouraged 
to apply. The successful candidate will be expected to establish an inde- 
pendent, extramurally funded research program and participate in the 
teaching of medical and graduate students. The basic science departments 
at Albany Medical College are organized as interdisciplinary research 
centersand the Center for Immunology and Microbial Disease has a focus 
on microbial pathogenesisand immune defense, particularly as related to 
biothreat agents and emerging infections. Faculty at the Albany Medic: 
College receive competitive salaries, attractive start-up packages, and 
access to the Center’s ABSL-3/BSL-3, Microbiology and Immunology 
Core Labs. In addition, we have established a close relationship with the 
New York State Department of Health Wadsworth Laboratories, providing 
a diverse environment that is rich in infectious disease expertise. Albany 
Medical College is located in a mid-sized city within the upstate New 
York Capital Region, and has easy access to Boston, New York City, and 
the Adirondack Mountains. 


Applicants should send their curriculum vitae, a statement of research 
plans, and three letters of reference to: Dennis W. Metzger, Ph.! 
Professor, Theobald Smith Alumni Chair and Director, Center for 
Immunology and Microbial Disease, Albany Medical College, 47 New 
Scotland Avenue, MC-151, Albany, NY 12208, For furtherinformation 
about the Center, visit www.ame.edu/Academic/Research/imd.htm, 


An Equal Opportunity/Afirmative Action Employer: 
Women and minorities are encouraged to apply 


| 


Ee 
(Mi 
Wheaton College 


Exercise Physiologist Position 


The Applied Health Science Department of Wheaton College is 
searching for a full-time, tenure track faculty member with expertise in 
exercise physiology at the assistant or associate professor level. The 
person appointed will make a significant contribution to the 
department's academic and spiritual components, The person will be a 
well trained physiologist with the specialty of exercise along with a 
good biochemistry and metabolism background. This person must be 
able to engage students in the classroom setting and to mentor them in 
independent research projects. The teaching requirements include 
courses in Integrative Human Physiology, Physiology of Exercise, 
Cardiovascular Evaluation and Prescription, and general education 
classes in Wellness, The person will develop elective courses in hisyher 
area of specialty. The department is focused on human health and 
lifestyle with most of its students pursuing careers in the health 
professions. A doctorate is required. 

Deadline for applications is October 31, 2007 

‘The appointment will begin July 1, 2008 


Applicants should send curriculum vita and description of their 
teaching philosophy and research interests to: Dr, David lanuzzo, Chair; 
Applied Health Science Department; Wheaton College; 501 College 
Avenue; Wheaton, IL 60187 or email david ianuzz0@ wheat 


Additional application materials will be sent to eligible ca 


Wheaton College is an evangelical Christian liberal arts coll 


whose 


faculty members affirm a Statement of Faith and the moral and lifestyle 


expectations of our Community Covenant. The College complies with 


federal and state guidelines of nondiscrimination in employment 


ASSISTANT PROFESSOR IN 
NEUROSCIENCE 


Applications ure invited for a tenure-track Assistant Pro- 

fessor position in the Julius L. Chambers Biomedical 

Biotechnology Research Institute (BBR1) at North Caro- 

Jina Central University (NCCU). The BBRI is a 40,000 

sq ft state-of-the-art research institute, with research pro- 
grams in neuroscience, cardiovascular and cancer biology. Research resources 
available at the BBRI include: genomics and bioinformatics core facilities; 
histopathology and imaging laboratories; a zebrafish core and amodem animal 
care and use facility. The proximity of NCCU/BBRI to the North Caro 
Research Triangle Park and to collaborative colleges and universities will 
afford the candidate an unusually rich opportunity to develop joint programs 
in neuroscience that have a high probability for long-term success. 
‘The successful candidate will be expected to: establish an extramurally 
funded research program that focuses on neurodegenerative diseases or 
CNS development; train graduate students in Neuroscience; and teach at 
the undergraduate and/or graduate level in Neuroscience, Preference will be 
given to individuals using mouse ot zebrafish models to study the molecular 
mechanisms of neurodegenerative diseases. Applicants must hold a Ph.D. 
and/or M.D., and have a record of research productivity in Neuroscience. 
Review of applicants will begin immediately and will continue until the 
position is filled. Applicants should submit curriculum vitae, a description of 
research interests, and contact information for three references to: 

‘Ms. Connie Key 
Julius L.. Chambers Biomedical/Biotechnology Research Institute 
North Carolina Central University 
700 George Street 
Durham, NC 27707 
Email: chkey@nceu.edu 


For more information about the BBRI and NCCU visit http2/www.nceu.edu/ 
BBRI 
North Carolina Central University is a constituent institution of the Uni 
versity of North Carolina System and an Equal Opportunity: 
Affirmative Action Employer. NCCU complies with the Immigration 
Reform and Control Act of 1986 


Center 


Department of Physiology and Cell Biology 
Tenure Track Faculty Position 


The Department of Physiology and Cell Biology at The Ohio 
State University invites applications for a tenure track appoint- 
ment at the Assistant Professor level in cardiovascular cell and 
molecular physiology. We are especially secking individu: 

performing cutting-edge research focused on cellular signal- 
ing pathways relevant to cardiac development, hypertrophy 
and heart failure. The appointment is to complement existing 
strengths in Cardiac Calcium homeostasis and muscle physiology. 
Exceptional candidates in any area of cell signaling will also be 
considered. The successful candidate will have an established 
extemally funded research program or the ability to establish 
one. Faculty will also have the opportunity to collaborate with 
scientists in the Davis Heart and Lung Research Institute and 
other established research centers. Faculty will be expected to 
participate in the Departmental teaching activities as appropriate. 
Letters of application should clearly outline teaching and research 
interests along with Curriculum Vitae and a list of references. 


Please apply for this position to: Muthu Periasamy, Ph.D., 
Chair, Dept. Physiology and Cell Biology, The Ohio State 
University, 304 Hamilton Hall, Columbus, OH 43210- 
1218, periasamy.1@osu.edu. See departmental websit 
www.medicine.osu.edu/physiology. 


The Ohio State University is an Equal Opportunity/ 
Affirmative Action Employer. 
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HARVARD 
\@] MEDICAL SCHOOL 


=) DANA-FARBER 


Dedicated to Discovery...Committed to Care. 


HEALTHCARE SYSTEM ” 


ASSISTANT PROFESSOR Ee EOSITIONS IN 


(Tenure Track) 

Metabolic Regulation The Harvard Medical Solioal Partners HealthCare Center 

ae Pi cap CE ea oe a i for Genetics and Genomics (HPCGG) is seeking exceptional 
1@ Department of Cancer Biology at Dana-Farber Cancer Institute and the z oe sik i = 

Department of Pathology at Harvard Medical School seek applicants for a cael imiee 8) lene Novem yp eine sella tnaa, percticn a6 
tenure-track faculty position. We will consider outstanding applicants inter- genomics. Successful candidates will be appointed at the level 
‘ested in any area of cellular and molecular biology, but we are particularly of tenure-track Assistant Professor. For more information, 
interested in candidates working in the area of regulation of energy home- please visit our website at www.hpcgg.org 
ostasi ast relates to chronic diseases such as cancer, diabetes, aging and SAS TPE OTE, 
neurodegenerative diseases. The ideal candidate will be capable of warking 5 
at the cell and molecular level, but will also have experience with in vivo Applicants should electronically submit a curriculum vitae, 
‘model systems. The successful applicant will be expected to develop a strong, aa Grist. (500 word) statement Of current aid futare research 
independently funded research program and to participate in the teaching ae : i s 
‘mission of the Institute and Harvard Medical School. Candidates must hold @ directions, and have three letters of reference sent on their 
Ph.D. and/or M.D. degree and have a strong record of research accomplish- behalf to: 
‘ments. Applications from women and minority candidates are encouraged. Christine 


e @sciencecareers.org 


idman, M.D. 


Candidates should submit a curriculum vitae including a full list of pub- Associate Director, HPCGG 
lications, a brief statement of previous contributions and future c/o Andrea Wald McDonald 
research plans as well as the names and contact information of four 77 Avenue Louis Pasteur, NRB 250 


references to 
Faculty Search Committee Boston, MA 02115 
(0 Deborah Goff 


Dana-Farber Cancer Institute : 
Room SM1068, 44 Binney Street, Boston, MA 02115 Rel eiaweal dictions Spar taernot 


E-mail: deborah_goff@ dfci,harvard.edu 


Applications must be 
received by 


Science Careers 


The application deadline is December 1, 2007. 


Women and minority candidates are encouraged to apply 
Harvard Medical School and Brigham and Women’s Hospital 
are Equal Opportunity/Affirmative Action Employers 


SHARE THE VISION. FIND THE CURE 


UNIVERSITY OF Faculty Position 
Cell Biology Program 


Sloan-Kettering Institute 
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Aresty Endowed Chair The Cell 
in Tropical Biology 


Biology Program, Sloan-Kettering  Instinue 


ack faculty 


aed a search for 
ested in outstan 


The Department of Biology of the University of Miami research pro} comple 
a distinguished scientist for the Aresty Endowed strengths. Candidates with research inte 


: : fcudaryotc cell biopy and using a variety of experimental 
Chair in Tropical Biology. The appointment will be made pein : ls apap. New cp 
at the associate professor or professor rank. The chair wal be e ictal appoint 
holder must be renowned for tropical terrestrial research Genser: team Kecteslng  Candinie Schon i Bicesetiea 
with animals, and will contribute to the department's Comell University, as well as the Triinstiutional MD/PhD 


focus on ecology and evolution in tropical systems. Field Training Program, SloanKetiering kas an outstanding 
nfrasructire as well a saxteoftheatt core resources, and we 
are now signficandy expanding our research program 


work should bean integral component of the candidate’s 
research, We seek an excellent teacher who will offer 
both undergraduate and graduate courses including an Interested. individ 


1k should e-mail their application, 
ly in PDF fo cellbio@mskee.org by November 
107. The application should include a Curriculum Vita 
description of past ch, a description ofp: 
research, and copies of thre 

Candidates should arrange to have three signed letters of 


undergraduate field course, off campus, in the tropics. 


Applicants should send electronically a curriculum vitae, 
statements of research and teaching interests, and contact iis a eal Gr coins iemcaes sot HF 
information for three references to: mail to: Cell Biology Search, ¢/o Tiffany Lennon, 
Aresty Chair@bio.miami.edu. Memorial Sloan-Kettering Cancer Center, 1275 York Avenue, 
SS Box 135, New York, NY 10065. The letters should arrive by 
. 3 x November 15, 2007. Inquiries can also be made by e-mail to 
The University of Miami is committed to cellbio@mskecorg. EOE/ AA. 
increasing the representation of women and 
minorities in its faculty, and encourages 


applications from such candidates. 


“9 Memorial Sloan-Kettering Cancer Center 


Faculty Positions in 


Molecular Biology 


The Molecular Biology Program of the Sloan-Kettering Institute, 
Memorial Sloan-Kettering C has initiated a 
Faculty search at the Assis Assistant 
Professor). We are interested in outstanding individuals who have 
demonstrated records of significant accomplishment and the potential to 
make noteworthy contributions to the biological sciences as independent 


investig: -cesstul applicants will have research interests that move 
the Program into exciting new areas that complement and enhance our 
existing strengths in the of n ince of genomic integrity, 
regulation of the cell cycle, and regulation of gene expression, Faculty will 

to hold appointments in both the Gerstner SloamKeuering 


Graduate School Sciences and the Weill Graduate School of 


Medical Scie 


Candidates should e-mail their application 
molbio@mskec.org by November 15, 2007. The appli 
4 CV, adeseription of past research, a description of pro 
copies of three representative publications. Candidates should 
hhave th e sent by email 

ir mail to Dr. Kenneth Marians, c/o Steven Cappiello, Box 135, 
Memorial Sloan-Kettering Cancer Center, 1275 York Avenue, New York, 
New York 10065. The letters should arrive by November 15, 

yy be sent to Mr, Cappiello at; molbio@mskee.org or to Dr. 
Marians, Chair ry Program: kmarians @isloanketteringedu. 


Memon is an Equal Opportunity 


{4\ Memorial Sloan-Kettering 
\ 5 7 Cancer Center 


wow The Best Cancer Care. Anywhere 


Tenure-Track Faculty Position 
in 
Biochemistry and Molecular Biology 


We are seeking to fill a faculty position at the ASSISTANT, ASSO- 
CIATE OR FULL PROFESSOR rank. Applicants at the Assistant 
Professor level must have a Ph.D. or equivalent with at least two 
years postdoctoral training. Applicants at the Associate or Full Pro- 
fessor level are further expected to have a strong record of research 
productivity and extramural support. All areas of biochemistry and 
molecular biology will be considered, but special consideration will 
be given to those whose research expertise complements existing 
faculty interests. These include neurobiology (including receptor 
trafficking and neurogenesis), regulation of protein synthesis and 
degradation, transcriptional regulation and chromatin silencing, cell 
signaling through protein kinases and phosphatases, DNA damage 
and repair, enzyme catalysis, molecular chaperones, and cancer 
biology (including chemopreventive action of retinoids, integrin 
signaling, invasive carcinoma, progression to metastatic disease, 
and gene therapy). Teaching responsibilities include participation in 
both medical and graduate school courses. The Department will assist 
with technical support and competitive start-up funds. LSUHSC-S 
maintains a central Research Core Facility encompassing eight state- 
of-the-art technologies. 


Review of applications will begin in November 2007, Send curricu- 
Jum vitae, a description of current and future research interests, and 
the names of three referees to: Robert E. Rhoads, Ph.D., Professor 
and Head, Department of Biochemistry and Molecular Biology, 
Louisiana State University Health Sciences Center, 1501 Kings 
Highway, Shreveport, LA71103; http://www.shrevebiochem.com/ 


LSUHSC is an Affirmative Action Employer. 


UNIVERSITY OF KENTUCKY 
Department of Microbiology, 
Immunology and Molecular Genetics 
Two Positions at the Assistan/Associate 
Professor Level 


The Department of Microbiology, Immunology and Molecular Genet 
College of Medicine, University of Kentucky, seeks two tenure trac 
faculty in MICROBIAL PATHOGENESIS at the Assistant or Associate 
Professor level. Areas of research interest include: host response to 
microbial pathogens, genetic basis of resistance to microbial infection, 
microbial virulence mechanisms, innate defenses against infection, and 
vaccine development. Applicants should have a Ph.D. and/or M.D... or 
equivalent degree, and postdoctoral experience. Successful candidates 
are expected to develop/maintain an innovative, externally funded 
research program as well as participate in graduate and medical student 
teaching. This is an excellent opportunity to join a department with 
strong predoctoral and postdoctoral training programs, and research in 
microbial pathogenesis, eukaryotic molecular biology, molecular and 
cellular immunology, and molecular virology. Excellent start-up funds, 
state-funded salary commensurate with experience and modem research 
facilities will be provided. 
Applications should include curriculum vitae, representative reprints, 
a summary of past experience, a statement regarding research interests 
and future plans, as well as three letters of recommendation. All material 
should be sent to: Chair, Faculty Search Committee, Department 
of Microbiology and Immunology and Molecular Genetics, 
MS409, Medical Center, University of Kentucky, Lexington, 
KY 40536-0298. Telephone: 800-462-5257; FAX: 859-257-8994: 
kfres! @pop.uky.edu. 
The University of Kentucky is an Equal Opportunity/Affirmative Action 
Employer and has an affirmative duty to reasonably accommodate 
otherwise qualified individuals with a disability 


MEDICAL 
COLLEGE 
OF WISCONSIN _ Department of Cell Biology, 
Neurobiology and Anatomy/ Regenerative 
Medicine Program 


Tenure Track Faculty Position 
in Developmental 
and Stem Cell Biology 


A tenure track faculty position at the Assistant or Associate Professor 
level is available for a cell biologist who uses cellular and/or molecular- 
genetic approaches to address fundamental aspects of stem cell biology. 
Candidates applying knowledge of developmental biology to the study 
of human embryonic stem cell differentiation and/or pluripotency are 
particularly encouraged to apply. Competitive salary, laboratory space 
and start-up funds are available. Candidates at the Associate Professor 
level are expected to bring a vigorous research program with significant 
extramural funding. Current research strengths in the department include 
developmental biology of the gastrointestinal, cardiovascular and ocular 
systems. Candidates whose work complement these areas and incorporate 
innovative approaches are especially encouraged to apply. A Ph.D. or 
M.D/Ph.D. degree (or equivalent), plus additional postdoctoral experi- 
ence are essential 


Interested individuals should send a resume, research plans, and the 
names of three references to: 
Dr. Stephen A. Duncan 
Chairman, Search Committee 
Regenerative Medicine Program 
Department of Cell Biology, Neurobiology and Anatomy 
Medical College of Wisconsin 
8701 Watertown Plank Rd 
‘Milwaukee, Wisconsin 53226-0509 


For more information on the MCW Cell Biology Department visit our 
Website at http:/www.mew.edw/cellbio/. 
AA/EOE 
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FACULTY POSITIONS 


DIRECTOR, CARDIOVASCULAR DISEASE 
RESEARCH PROGRAM 


Applications are invited for an experienced scientist to direct 
the Cardiovascular Disease Research Program at North Carolina 
Central University (NCCU). The Program Director will have a 
unique opportunity to lead a multidiseiplinary, iter-institutional candiovascu- 
lar disease research program located in the 40,000 sq ft. Julius.L. Chambers 
Biomedical/Biotechnology Research Institute JLC-BBRI). This state-of-the 
art facility, which also houses NCCU’s Cancer Research and Neuroscience of 
Drug Abuse Programs, offers a range of rescarch-related resources including 
Genomics, Bioinformatics, and Transgenic Zebrafish Core Facilities, and a 
‘modern animal eare and use facility 
In addition to conducting and promoting eardiovascularresearch, the Program 
Director will pro nd administrative leadership for all JLC-BBRI 
cardiovascular disease research projects‘programs. The Program Director will 
support existing cardiovascular disease research projects/programs as well as 
forge new partnerships with scientists at other institutions/corporations. The 
proximity of NCCU to the North Carolina Research Triangle Park and to the 
state’s flagship research universities will afford the Director an unusually rich 
opportunity to develop joint programs in cardiovascular biology with a high 
probability for long-term success. 
Applicants must hold aPh,D. and/or M.D. havea record of sponsored research 
program management, and meet requirements for atenure-track faculty appoint 
iment at the Associate Professor or Professor level in an NCCU basic seience 
department. Additional requirements include demonstrated administrative 
and scientific leadership, a strong record of peer-reviewed cardiovascular 
research publications and rescarch funding, prior teaching experience at the 
undergraduate and graduate levels, and other professional accomplishments, 
Review of applicants will begin immediately and will continue until the pasition 
is filled, Applicants should submit curriculum vitae, a description of research 
interests, and contact information for three references to: Ms. Connie Key, 
Julius L.. Chambers Biomedical/Biotechnology Research Institute, North 
Carolina Central University, 700 George Street, Durham, NC 27707 
Email: chkey@necu.edu, For more information about the BBRI and NCCU 
visit htip/ww w.neeu.edu/BBRI. 
NCCU is a constituent institution of the University of North Carolina System 
‘and an Equal Opportunity, Affirmative Action Employer. NCCU complies 
with the Immigration Reform and Control Act of 1986, 


MICHIGAN STATE 
UNIVERSITY 


Faculty Position in Metabolic Regulation 
of Cellular and Tissue Function 
Department of Physiology 


The Department of Physiology invites applications for a tenure-track 


the Assoctate/Pull Professor level in metabolic regulation of 
Celular and tissue function Areas of interest includ, but are not limited 10 
Tanbetes ed absaly Gmctsolicayredtone, dibeilc casoplicntions epigenetic 
models inflammation and cardiovascular disease; and neuronal cont 
ust hold'a Ph.D., MD., or equivalent deg 
Wella an established extramurally funded research program 
The successful candhdate will join aMSU depaatment with strong basi research 
ications, Bell fancton. lipid meabousn 
maging. He or she will be 
rat collaboratively wah other fculty in the department and 
and participa nthe departmental teaching mission. The laboratory 
ig thet oflcs ate of the art esearch foclltics including 
and confocal ricroscopy facies, 2 


sted individuals should submit a complete curmculum vita, a brief 
statement of research interests, and electronic copies of key publications. 
Applicants should also provide the rames and contact information of three 
individuals who can evaluate their accomplishments and future potential for 
research and teaching, Review of applications will begin September 30, 2007 
and continue until the position is filled 

Applications should be sent electronically to: pslfcpos@msu.edu, Chair, 
Metabolic Regalation Search Committee: William S Spiciman, Professor 
and Chairperson, Department of Physiology, Michigan State University, 

East Lansing, Ml 4884243320, Phone: 517-353-4539. 
Michigan State University is committed to achieving excellence through 
tural diversity. The university actively encourages applications 
rations from women, persons of color, veterans and persons 


Harvard University 


is recruiting tenure track faculty at the Assistant Professor level 
for a new multi-disciplinary Department of Stem Cell and 
Regenerative Biology (DSCRB), Harvard's first joint Depart- 
ment bridging the Faculty of Arts and Sciences and the Medical 
School. 


‘The department's research and teaching focus includes devel- 
opmental biology broadly interpreted: stem and progenitor cell 
biology: tissue and organ formation: tissue regeneration, and 
repair- studied at the molecular, cellular, and organismic levels 
across organ systems. We are secking faculty with a history of 
innovative, interactive research using human, other mammalian 
or non-mammalian systems and those with an interest in teach- 
ing undergraduate, graduate and/or medical students. Faculty 
will join a dedicated core of scientists and physician-scientists 
emphasizing stem cell and regenerative biology to inform the 
understanding of human diseases. 


Applications including curriculum vitae, reprints of publications, 
statement of present and future research plans (1-3 pages), and 
three letters of recommendation should be submitted to Profes- 
sors Andrew McMahon and Kenneth Chien, co-chairs, DSCRB 
Search Committee c/o Raymond_Coderre@harvard.edu. We 
strongly encourage applications from women and minority can- 
didates. Submission by October 31, 2007 is encouraged. 


Harvard is an Affirmative Action/Equal Opportunity Employer. 


ASSISTANT PROFESSOR 
Massachusetts General Hospital Cancer Center 
and 
Harvard Medical School 
‘The Massachusetts General Hospital Cancer Center i 


applications for a tenure track faculty position at the level of Ass 
Professor. We seek outstanding individuals who wish to establish 
a strong cancer research program with interests including, but not 
limited to, cancer biology, cancer genetics, genetic model organisms, 
signal transduction, and cell cycle checkpoints. Candidates. must 
hold a Ph.D. and/or M.D. degree (or equivalent), have postdoctoral 
experience and a strong record of accomplishment in research, 
Applications from women and minority candidates are strongly 
encouraged. 


Candidates should submit a curriculum vitae including a full list of 
publications anda brief statement of research and teaching interests to 
the address below. Four letters of reference should be mailed directly 
to the Search Committee. 


Search Committee 
c/o Carol Ann Hannan 
MGH Cancer Center 
13" Street, Building 149, Room 7204 
Charlestown, MA 02129 
Complete applications including four letters of reference must be 
received by October 15, 2007. 


Massachusetts General Hospital and Harvard University 
uphold a commitment to 
Affirmative Action and Equal Opportunity. 


FACULTY POSITIONS 


ySUTMB 


"The University of Texas Medical Branch 


FACULTY POSITIONS IN 
BIOINFORMATICS AT UTMB 


The Sealy Center for Molecular Medicine 
(SCMM) and the Institute for Clinical and 
Translational Research (ICTR) at the Uni- 
versity of Texas Medical Branch (UTMB) at 

Iveston are secking outstanding applicants 
for three new positions in bioinformatics—a 
tenure-track professor, a tenure-track assis 
tant or associate professor, and a postdoctoral 
fellow. Substantial startup packages are avail- 
able for UTMB faculty positions. 


Tenure-Track Professor (STAR Regents 
Research Scholar): Individuals with out- 
standing externally funded programs in 
bioinformatics are sought for this highly 
competitive professor position supported by 
the UTSystem STAR program, The successful 
applicant will take a leadership role in devel- 
oping an interdisciplinary, intcr-institutional 
effort in bioinformatics and systems biology. 
Scientists with interest in defining protein 
interaction networks, inference of network 
architecture and relationships, and integra- 
tion with dynamical pathway modeling are 
specifically sought. 

‘Tenure-Track Assistant or Associate Profes~ 
sor: Candidates for this assistant or associate 
professor position should have potential and 
interest in developing an extramurally funded 
program in the bioinformatics of protein inter- 
action networks, pattern recognition statistics, 
and/or pathway modeling. The successful 


applicants will be jointly appointed in The 


Department of Biochemistry and Molecular 
Biology at a rank and salary commensurate 
with experience. 


Postdoctoral Fellow (In Collaboration with 
Sandia National Labs): This postdoctoral 
fellow position will work in conjunction with 
an emerging inter-institutional collaboration 
between the SCMM and Sandia National 
Laboratories. The successful candidate will 
be involved in developing/analyzing stochas- 
tic models of inflammation-induced signaling 
networks and working with teams develop- 
ing high-content imaging and computational 
mathematics. 


A strong interdisciplinary collaborative 
environment is available with additional 
opportunities for interactions with investi~ 
gators in centers of scientific excellence in 
aging, cancer, infectious diseases, structural 
biology and environmental health. Access to 
extensive computational resources are avail- 
able at UTMB. UTMB is a member of the 
Houston/Galveston W.M. Keck Center for 
Interdisciplinary Bioscience Training and the 

if Coast Consortium for Bioinformatics. To 
apply for any of these positions, please send 
a CV., brief description of research interests 
and names of four references to: Allan R. 
Brasier, MD, Director, Sealy Center for 
Molecular Medicine, The University of 
Texas Medical Branch, 301 University 
Bivd., Galveston, TX 77555-1060; Email: 
arbrasie@utmb.cdu 


UTMB is an Equal Opportunity/Affirmative 
Action University that proudly values 
diversity. Candidates of all backgrounds are 
encouraged to apply. 


FACULTY POSITIO 


‘THE UNIVERSITY OF CALIFORNIA AT BERKELEY 
Faculty Position: 
Molecular and Cell Biology 


‘The Department of Molecular and Cell Biology seeks applications fortwo faculty positions. We seek 
candidates with Ph.D. and/orM.D. degrees who have a strong interest in undergraduate and graduate 
teaching and demonstrated excellence, originality and productivity in research. Applications should 
include a curriculum vitae; a list of publications; a brief description of research accomplishments; 
4 statement of research objectives and teaching interests; and reprints of three most significant pub- 
lications. Please arrange to have three letters of reference sent in by the deadline date of November 
15, 2007. Potential reviewers should be referred to the Statement of Confidentiality found at: http: 
Japo.chance.berkeley.edu/evalltr.html. Successful candidates are expected to join the faculty July 
1, 2008 or thereafter. On-line applications and letters of reference are preferred and can be made 
through http://meb.berkeley.edu. Paper applications should be directed to: 

Faculty Search [indicate preferred search area(s)] 

Department of Molecular and Cell Biology 
University of California at Berkeley 
142 Life Sciences Addition #3200 
Berkeley, CA 94720-3200 


Eukaryotic Genetics/Genomics #1111 
The Division of Genetics, Genomics and Development seeks applications for a faculty position at 
the level of Assistant Professor (tenure-track), in any area of genetics/genomics, with a preference 
for research in behavioral genetics or in human or mammalian variation, epigenetics or disease 
Closing date for receipt of applications is November 15, 2007 


Biochemistry and Biophysics #918 
The Division of Biochemistry and Molecular Biology secks applications fora faculty position at the 
level of Assistant Professor (tenure-track), Excellent candidates in all areas of modern biochemistry 
and biological chemistry will be considered, but we are particularly interested in candidates who 
are applying quantitative tools to the study of biological macromolecules. Closing date for receipt 
‘of applications is November 15, 2007, 


The University of California is an Affirmative Action/Equal Opportunity Employer: 
these are nine-month academic year appointments 


POSITIONS OPEN 


Group Leaders 
Reference number: P1/07/15 


Group Leader positions are available in the Paterson Institute, a leading 
cancer centre of excellence core-funded by Cancer Research-UK, 

the largest independent cancer research organisation in the world. 

The Institute supports numerous basic and translational cancer research 
programmes (see our website) and is located adjacent to the Christie Hospital, a specialist cancer 
hospital, thereby ensuring ample opportunities for interaction across the basic to clinical research 
spectrum. The Institute is also at the heart of the newly formed Manchester Cancer Research 
Centre (MCRC) - www.manchester.ac.uk/mere 


Paterson 


‘The positions are open to non-clinical and clinical researchers. Substantial core research support 
will be provided, including fully-funded positions, start-up and running costs as well as access to a 
wide-range of state-of-the-art research services. Positions are for six years initially with 
consideration for promotion to Senior Group Leader after five years. Direct appointment to a senior 
position will also be considered. 

You would be expected to develop an independent research programme in an area of cancer biology 
that complements the overall research efforts of the Institute and the MCRC. We are particularly 
interested in programmes within the areas of: 

* Tumour microenvironment * Mammatian cell proliferation and cell signalling 

* Genome instability * Mouse cancer models 

Informal enquiries should be addressed to Prof Nic Jones, Director of the institute, 

‘email: njones@picr.man.ac.uk and applications including a CV, names of three referees 

and a short summary of past research and future plans should be sent to Laura Humes, 

HR Assistant, email: thumes@ 


‘The deadline for receipt of applications is Friday 26 October 2007 


www. paterson.man.ac.uk 


MANCHESTER CANCER RESEARCH UK’ 
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National Institutes of Health 


Raye Department of Health and Human Services 
—— National Cancer Institute 


The Cell and Cancer Biology Branch at the National Cancer Institute is currently investigating various aspects of normal tissue stem 
cells, as well as the microenvironment-tumor relationship. This area of cancer research holds great promise in the treatment and 
prevention of cancer and a great deal remains to be learned about the identification and isolation of these cells. We are accepting 
applications for a Staff Scientist position. Incumbent will oversee the research activities of this Branch and specifically our efforts 
in defining the role of stem cells as a cancer initiator and determinant of the metastatic process. The applicant will have an MD or 
Ph.D. in biomedical science and a demonstrative record of strong leadership in addition to working in a collaborative setting. The 
salary range will be $74,503 - $162,371. 


The Cancer and Cell Biology Branch (CCBB) is part of the Center for Cancer Research (CCR), which is the largest organization 
at the NCI dedicated to conducting basic, translational and clinical research on the discovery of the causes and mechanisms of 
cancer, The CCR is a highly interactive, interdisciplinary group of researchers who have access to new technology and the ability 
to participate in clinical investigations while maintaining a foundation for independent research. 


As part of the Department of Health and Human Services (DHHS), which oversees the biomedical research programs of the National 
Institutes of Health and those of the NIH’s research Institutes, NCI offers a vast array of resources and exciting opportunities fe 
interlaboratory collaboration to our investigators. The NCI/NIH intramural research program provides an exceptionally rich enyiron- 
ment for career development. Please send or email CV, cover letter and three references to: Simone John, Office of the Director, 
National Cancer Institute, 31 Center Drive, Room 11A19, Bethesda, MD 20892 or johnsi@mail.nih.gov. All applications 
must be submitted no later than October 15, 2007. 


Senior Medical Officer 


The Division of Extramural Research (DER), National Institute of Dental anid Craniofacial Research (NIDCR) seeks an experienced, highly qualified Senior Medical 
Officer with expertise in infectious diseases, phamacovigilance, and product development. The Division of Extramural Research, NIDCR, is responsible for all 
extramural research in the Insitute, This ranges from basic through translational to clinical research, including large and complex Phase III efficacy trials as well 
8s population based trials in the dental-practice based research networks, and health disparities centers, Product development activities include development and 
clinical evaluation of diagnostics; vaccines and therapeutics across the spectra of microbiology, immunology, mineralized tissue, salivary gland physiology and 
dysfunction, neurosciences, head and neck cancer, developmental biology, regenerative medicine, issue engineering and materials science. 


The incumbent will serve as key advisor to the Director DER and the scientific programs on all clinical research issues and provide objective, experience-based 
guidance and oversight; be responsible for oversight of the DER clinical research program including development, standardization, implementation and execu- 
tion of policies, procedures and standards of conduct for clinical research to ensure that all DER, NIDCR-sponsored domestic and international clinical research 
is conducted in full compliance with all applicable regulations and policies and meets established standards of quality, integrity and ethics; be responsible for 
identifying and resolvinga variety of complex clinical trials management, policy and administrative issues that require close coordination and interfacing within 
the DER clinical program, with NIH Institutes, CDC, the DoD, the FDA, other Federal agencies, as well as pharmaceutical companies and patient advocacy and 
community groups; assume responsibility for designing, implementing and overseeing all safety oversight activities associated with clinical research comprising 
‘more than minimal risk to the human subjects, including all interventional trials and clinical studies in vulnerable populations; ¢g., pediatrics, pregnant women; 
‘manage and oversee the DSMBs overseeing the Phase III clinical trials and interfacing with counterpart physicians associated with the trials, in industry and at 
the FDA; and serve as the physician interfacing on medical and safety issues with medical colleagues affiliated with clinical research supported by NIDCR. 


Applicants must have a MD degree and be Infectious Diseases Board eligible or certified. In addition, specific clinical expertise in the current state of product 
development and clinical trials and practice in infectious diseases is required along with a broad understanding of the policies and programs necessary fora feder- 
ally-funded clinical research program, Women and minorities are encouraged to apply. Salary commensurate with qualifications and experience, 


Applicants should submit a current CV, Bibliography and the names and contact information for three references to Ms. Carol Beasley, National Institute of 
Dental and Craniofacial Research, 31 Center Drive, MSC 2290, Bldg. 31, Room 2C-39, Bethesda, MD 20892-2290. Applications also may be submitted 
via email to carol.beasley@nihgov. The application deadline is October 15,2007. 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


a NATIONAL INSTITUTES OF HEALTH 


Today's Science Student 
Tomorrow's Leader 


Recognized worldwide for our cutting-edge medical and scientific research, the National 
Institute of Allergy and Infectious Diseases (NIAID) has a responsibility to improve global 
health in the 21st century. Our basic and applied research programs are aimed at improv- 
ing diagnosis, treatment, and prevention of immunological, allergic, and emerging and 
re-emerging infectious diseases. 


Visit NIAID for its 5-day exploratory program: 


Intramural NIAID Research Opportunities 
February 3-7, 2008 


Explore NIAID’s unique research training programs during INRO and 
© Hear scientific lectures from some of the world’s most talented investigators. 
© Tour Institute laboratories and see the state-of-the-art science equipment. 


© Interview with principal investigators for potential research training positions. 


The open application period is from 8/15/07 - 10/15/07. 


To learn more about INRO and submit your application, please visit 


http://www.niaid.nih.gov/labs/training/inro 


Advance your career and serve society by 
plugging the power of science into public 4 
policy. Year-long Science & Technology Policy 
Fellowships offer opportunities in six thematic 
areas: Congressional * Diplomacy Energy, 
Environment, Agriculture & Natural 

Resources ¢ Global Stewardship * Health, 
Education & Human Services ¢ National 
Defense & Global Security. 


Enhancing Public Policy, 


Advancing Science Careers 
. 


Work in Dynamic Washington, D.C. 

Since 1973, AAAS Fellows have been 
applying their expertise to federal decision- 
making processes that affect people inthe 
U.S. and around the world. Assignments are available 
inthe U.S. Congress and executive branch agencies. 


Join the Network. 
Applicants must hold a PhD or equivalent 
doctoral-level degree in any physical, 
biological, medical/health, or social/ 
behavioral science, or any engineering 
discipline. Individuals with a master's 
degree in engineering and three 
years of post-degree professional 
experience also may apply. Federal 
employees are not eligible and 
U.S. citizenship is required. 


Learn More, 

The application deadline for 
the 2008-2009 fellowships 
is 20 December 2007. 
Fellowships are awarded 

in the spring and begin in 
September. Stipends range 
from $67,000 to $87,000. 


AAAS partners with 30 scientific societies that also 


sponsor congressionatond executive ranch fellowships. WN AAAS 


Visit our Web site for more details. 


Up to three research fellowship 
positions are available in 
a new international joint 
initiative, funded by the Human 
Frontiers Science Program. 
The collaborators include Peter 
MacCallum Cancer Centre and 
Swinbume University in Australia 
and University of i 
Berkeley, USA. 
will involve the application of 
advanced imaging techniques 
to determine how cell polarity 
proteins regulate thymocyte 
development using both in 
vitro and in vivo approaches. 
The individual research fellows 
will cach be associated with 
a single institution but will 
interact with researchers at 
the other institutions to apply 
multidisciplinary 
to the stud 
immunolog 
photonics is required, and the 
successful candidates will have 
demonstrated skills in both 
independent research and working 
within a team. The positions are 
available for one in the first 
¢, but renewable for up to 
years thereafter. 


should send 
a copy of their curriculum vitae 
to either: 
ah Russell, Peter MacCallum 
Cancer Centre 
(sarah.russell@ petermac.org) 


Ellen Robey, UC Berkeley 
(erobey@berkeley.edu) 


or 


Min Gu, Swinbume 
University of Technology 
(mgu@swin.edu.au) 


EMBL : EMBL-EBI : 


Part of the European Molecular Biology Laboratory (EMBL), the 
European Bioinformatics Institute (EBI) is located on the 
Wellcome Trust Genome Campus at Hinxton, near Cambridge 
and provides cutting-edge research, service and training in the 
field of bioinformatics. The EBI, a vibrant and multicultural 
science institute, is looking for a 


Team Leader 


Macromolecular Database Group, United Kingdom 


We seek to appoint a Team Leader for the 3D 
Macromolecular Structure Database (MSD) at the 
EMBL-EB! (see: www.ebi.ac.uk/msd). This person 
will be responsible for an ambitious programme, 
which is part of the worldwide Protein Databank 
(wwPDB), and integrates with the other research 
and service activities of the EMBL-EBI. The MSD 
is the European Project for the collection, manage- 
ment and distribution of data on macromolecular 
structures. It is a member of the worldwide Protein 
Databank which maintains the global PDB archive 
of 3D biological structural data. The MSD databases 
serve a workiwide community of scientists through 
a web site built on data warehouse technologies 
and through software and hardware that facilitates 
integration and access. 


The post holder will be responsible for strategic 
leadership and development of the European infra- 

structure services for macromolecular structure 

data and their relationship to related activities EMBL Is an inclusive, 
throughout the world. The team currently includes — equal opportunity 

23 staff, with responsibility for data curation and —_ employer offering 
data services, as well as the associated develop- attractive conditions 
ment of software and database systems to ‘and benefits 
maintain and provide the data users. This includes appropriate to an 

the production of novel and powerful search tools. intemational research 


Candidates are expected to be experienced roman: 
Scientists with expertise in structural biology and To apply, please 


software development. We would expect them send a CV (including 
to have an international reputation built on names and 
demonstrated competence in the leadership of addresses of three 


complex international projects. The Team Leader referees) and an 

will also be expected to apply for grant funding to outline of a vision for 
enable future development of the team and may the development of 
also pursue a research programme in the analysis the PDB at the EBI 


of structural data. (candidates interested 
Informal enquiries would be welcomed and pareneers) pone 


should be addressed to Professor Janet Thornton ey ie 
(director@ebi.ac.uk). 
email, quoting ref. 
For further information please see our websites: 0. S/07/132 in the 
www.ebi.ac.uk and www.embl.org ‘subject line, to: 
arm applications@ 
Closing date: 5 November 2007 ebi.ac.uk 
www.embl.org 


www.ebi.ac.uk 
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NAVAL RESEARCH LABORATORY 
Superintendent, Electronics Science & Technology Division 


NRL © Naval Research Laboratory + 


Senior Executive Service Career Opportunity 
| ') ES-1301, 1310 or 855: $111,676 to 168,000 per annum* 


weww.nrLnavy.mi 


“Rate limited to that rate for Level Wf the Executive Schedule 
ee (SUSC, $3041 2) 
Become a member of an elite research and development community 
plied scientific research and advanced 
‘and for the Nation 
JeManages, directs, and administers a recognized scientific work force con- 
ducting a broad spectrum research program in the areas of electron device 
technology and technical management of industrial contract programs which 
provide advanced prototype electron devices for new weapons systems 
Je Final technical authority for broad and demanding scientific programs of 
‘ational importance, including solid state electronics, materials develop- 
ment, surface physics, microwave generation. baskc research in electronic 
atetials, especialy semiconductors, and studies of magnetic phenomena 
im a wide variety of materials over a range of frequencies 
le Frincpal consukant to the Navy other agencies and nations on the science 
and developing applications for the R&D programs under hivher cognizance 


© Applicants should be recognized as naticnalfintemational authorities and should 
‘have planned and executed déficult programs of national significance that show 
‘outstanding attainment in their field of research. 


Jecptional Application for Federal Employment (OF-612), Application for 
Federal Employment (SF-17 1), oF resume, along weh technical qualifications 
and Executive Core Qualifications (ECQs) must be received by 30 September 
2007. In order to receive full consideration, all technical qual cations and 
ECO’ must be discussed in detail 

Je Apply to: Naval Research Laboratory, Code 1810GK, Announcement 
ANW7-XXXX-00-K9711724-SES, 4555 Overlook Avenue SW, 
Washington, OC 20375-5320. Faxed or emailed applications wll not be 
accepted. To view full vacancy announcement and/or to apply online visit 
hnttps://hro1.nrl.navy.miljjobs/index.htm 

}@For further information contact Ginger Kisamore, Human Resources Office, 
NRL at gingerkisamore@nrl.navy.mil or (202) 767-3792 

NRL is an Equal Opportunity Employer 
NRL + 4555 Overlook Ave SW, Washington DC 20375 


Advancing Therapeutics, Imporving Lives 


Research Scientist I/II 
Biology Dept. 
Foster City, CA 


Gilead Sciences current has an excellent opportunity for an experienced 
profession! to join our team The successful candidate wil pliy an incegral 
role in our Biochemistry Group and will be responsible for purification 
and characterization of recombinant proteins to support assays, screening, 
‘crystallography and other drug discovery-rebted needs. 


‘The canddate must have substantial working knowledge of protein purification 
methods development, optimization and troubleshooting. He or she will be 
expected to conduct active lab work independently and with RAs. Knowledge of 
protein Biophysics andlor molecular bology basics is 2 plus, Requires 2 PhD in 
Biochemistry¥Molecular Biology or related discipline with two to four years of 
‘working experience with recombinant proteh purification and characterization 
ln academic andlor industrial setting, 

Other requirements: 

+ Technically proficient in use of AKTA instruments, diverse range of column 
‘chromatography and general bboratory protein biochemistry procedures. 

+ Experience with state of the art protein characterization technologies. 

+ Must be able to independently analyze results and present dita 

+ Team player skills necessary to be kay project team member and to colaborate 
effectively with multi-faceted project teams. 

* Good communication sls 

+ Motivated self starter with good organizational skills 


For complete job description, reference reqi 300 and apply online at 
hetp://gilead. jobs.com 


(J GILEAD 


20 Years of Growth and Excellence 


‘A wotld-leader in diagnostics healthcare, Roche provides cutting-edge systems 
{or in-vitro diagnostics, patient self-monitoring, and the research community, 
Join us in 8 challenging environment that inspires innovation and creativity at our 
Indianapolis, IN, location 
PRINCIPAL SCIENTIST — 108 wo070456 

bn this vital role, you oversee the resources of cu technica affairs group, which includes 
‘aldating new products and processes, directing technical investigations, and develop 
ing and implementing process improvements, To qualify, you must have either an MS in 
‘Science with 6 years of boratory experence or a Ph.D with 4 years, and knowledge of 
‘chemical and immunological manufacturing processes. 

PRODUCT SUPPORT SCIENTIST — 408 sino070518 

‘Asa member of our technical alfairs group, you'l perform validation of new products and 
recesses, conduct technical investigations of non-conforming products, and implement 
ocess improvements. To qualty, ou must have either a BS in Science with S years of 
experience, an MS with 3 years ora Ph.D, and knowtedge of staliscs and analytical 
‘chemistry and instrumentation. 
Foche is committed to providing equal opportunities to 2 diverse workiorce. For more 
'nformation on these postions orto apply, please visit: http://careers.ind roche.com, 
Folerence spectic job #'s a6 ksted above. Roche is committed to providing equal op- 
portunities toa diverse worklorce 


We're People 
Helping People 
Discover Opportunity 


roche.com 


Max Planck Institute 
for Demographic Research 


‘The Max Planck Institute for Demographic Research (MPIDR) seeks to 


recnita ae 
Research Scientist 


toconduct research for the Laboratory of Demographic Data, Qualified 
demographers, sociologists, statisticians, and other scientists with a 
research background inte socal sciences are invted to apply. We 
intend to fill the position as soon as possible. The duration of the con- 
‘ractwill initially be limited to three years. The salary is paid according 
to qualification and io accordance withthe rules of federal employees 
in Germany, up to level 14 TV6D. 

The successful applicant must have completed a PhO. d 
demography of a related field. He or she must have a prover 
Scientific work and theoretical experience in the field of 

determinants in Europe and other industrialized societies as well as 
knowledge of the relevant literature. 

The candidate will in the main process and analyze population and 
survey data on fertility. The position requires expertise in statistical 
and demographic analyses and practical skills in handling demogr 
phic data. Fluency in English is essential 

The Max Planck Society is committed to employing handicapped indi- 
viduals. The Society wishes to increase the share of women resear- 
chers. 

‘Applications should include a CV with a statement of academic inte- 
tests and relevant experience, a list of publications, two 

dations, and contact details of two referees. 

Please send all materials by 215 October 2007 to the: 


Max Planck Institute tor Demographic Research 


‘Attn, Edelgard Kathe 
Konrad-Zuse-Str 1, 18057 Rostock, Germany 
Email katke@demogrmpg.de 


g 
g 
2 
S 
Y 
5 
J 


Q Texas Heart Instirur 
at i. Luke’s Episcopal Hospival 


‘The Texas Heart Institute (THI) at St. 
Luke's Episcopal Hospital, affiliated 
with the University of Texas Health 
Science Center at Houston is estab- 
lishing @ premier Cardiovascular Stem 
Cell Biology Research Center, We 
are currently recruiting established 
and promising investigators who have 
established records of independent and 
innovative research in Cardiovascular 
Stem Cell Biology. The positions offer 
very attractive recruitment packages and 
excellent opportunity for translational 
and collaborative research using state 
of the art facilities in a rich academic 
environment within one of the world’s 
largest medical centers. 


Please e-mail all inquiries, CVs and let- 
ters of references to: 
Ms. Sarah Cuddy 
Administrative Assistant 
Center for Cardiovascular Genetic 


te at St, Luke's 
Episcopal Hospital 


Sarah.Cuddy@ uth.tme.edu 


Post-Doctoral Position 
Cellular and Molecular 
Regulation of 
Angiogenesis and 
Vascular Regression 


Principal Investigator: 
Roberto Nicosia, MD, PhD 


Candidate will have up to three 
years of post-doctoral experience, 
and a strong background in cell 
and molecular biology. Desired 
background includes vascular biol- 
ogy, extracellular matrix biolog: 
and immunology. Position 

the Department of Pathology, Uni- 
versity of Washington/VA Medical 
Center, Seattle, WA 


Send your CV and cover letter 
electronically to: 

nicosialab@gmail.com 
or by post to: 

Eric Fogel 
1660 S. Columbian Way 
Mailstop S-151 
Seattle, WA 98108 


1628 
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FACULTY POSITIONS 


#3 Washington University in St Louis 
‘SCHOOL OF MEDICINE 

ASSOCIATE DIRECTOR, Corporate and 
Foundation Relations, Washington University 
School of Medicine. Unique opportunity for Sci 
centist oF Science Writer with genuine commitment 
to the advancement of science. Work with faculty 
and exceutive leadenhip to develop proposal strat 
‘egies for foundations and corporations. Must possess 
exceptional persuasive writing and verbal communi 
‘cation skills. Position deseription and online appli: 


cation at website: https: //hrawustlcdu/. -Afirmatoe 


Aion /Exuaal Oppoctinity Employer 


DEPARTMENT of CHEMISTRY 
Biochemistry 

‘The Department of Chemistry in the College of 
Arts and Sciences at American University secks a 
full-time tenure-track faculty member at the rank 
ASSISTANT PROFESSOR for academic year 
2008-2009. ‘The successful candidate must have a 
Ph.D. in chemistry and be able to show evidence 
‘of strong teaching skills, Primary teaching responsi 
bilities include biochemistry and organic chemistry 
Applicants are expected tO maintain a strong re 
search record. Other responsibilities also include su 
pemvising graduate and undergraduate research 
students and mentoring both undergraduate and 
graduate students. To apply, submit a letter of ap 
plication, curriculum vitae, a statement of research 
Interests, and a research plan, and arrange to have 
three letters of reference sent directly from individ 
uals who are able to comment on the applicant's 
teaching and research skills to: Dr. Albert Cheh, 
Department of Chemistry, American University, 
4400 Massachusetts Avenue N.W., Washington, 
DC 20016-8104; e-mail: achch@american.edu; 
fax: 202-885-1752. E-mail submissions are encour: 
aged. American University is secking highly dedi 
‘ated teaches and scholars who are deeply committed 
to interdisciplinary learning, the application of new 
technologies in teaching and scholarship, and to the 
preparation of students for life in a diverse and rap. 
idly changing global society. Women and minonty 

adidates are steongly ex of to apply. American 
Uulvenity is a Affirmative Action/E qual Opportunity 
Employer 


The Amherst College Department of Chemistry 
(website: heep://wwwamherst.cdu/~ chemi: 
invites applications for a full-time tenure-track 
SISTANT PROFESSORSHIP in biochemistry or 
bio organic chemistry beginning in July 2008. ‘The 
position requires a Ph.D., and calls for teaching at 
the introductory and advanced undergraduate levels 
Opportunities for teaching. in interdiseiplinary courses 
and programs are also available, ‘The successful can 
dlidate will be expected to establish a vigorous research 
program in which undergraduates can substantively 
participate. "The research program may span the 
boundaries between biochemistry and ether sciences. 
Applicants should submit curriculum vitae, under 
graduate and graduate transcripts, a statement 0 
teaching philosophy, and a detailed description 
their research plans, and should arrange for the for 
warding of three letters of reference, all to: Profes- 
sor Joseph N. Kushick, Chair, Department of 
Chemistry, Amherst College, Amherst, MA 01002. 
Review of materials will begin October 8, 2007. 

Amherst College is a private, liberal ats institution 
‘of some 1,600 students and 190 faculty. Located in 
the Connecticut River Valley of westem Massachu 
scsi pais with Hampsbire, Mount Hodyak, 
and Smith Colleges, and the University of Massachu- 
setts in the Five-College Consortium. The College 
cenralls students from neady every state and from more 
than forty countries. 


Affirmative Ace 


pecsons with disabilities 10 apply. The alminsteation, facty, 
aud stndeut body are commited to attting qualified candé- 
date froma groups cunenily exrderepresensed ov campus. 


BACTERIAL PATHOGENESIS 


POSTDOCTORAL FELLOW POSITION is 
awailable immediately to join the collaborative research 
groups of Drs. David N. McMurray and Jeffrey D. 
Cirillo studying tuberculoss pathogenesis. Selected 
individual will be primarily responsible for conduct 
ing independent research on mycobacterial pathogens 
and publication of results. Research will emphasize 
the molecular, cell biological and_ immunological 
characterization of vinulence determinants in myco: 
bacteria and their interactions with the host ina 
guinea pig virulence model. Ph.D. required and a 
record of productive experience in molecular biology 
of bacterial pathogens preferred, Send curriculum 
vitae and names and addresses of three references 
postmarked by October 31, 2007 (or until a suitable 
candidate is found), to: De. Jeffrey D. Cirillo, De- 
partment Microbial and Molecular Pathogenesis, 
‘Texas A&M University Health Science Center, M.S. 
Ls, 471 Medical Building, College 
Station, TX 77843-1114. Bax: 979-845-3479; e-mail: 
jo@madicine.tamhsc.cdu. Contact Dr. Cirillo, 
for additional information 
xt AEM Univenity System Health Sciewe Center és 
sev Afiemative Aion /Equsl Opportunity Buployer sl eve 
sourages applications from ween aiat minorities 


POSTDOCTORAL POSITIONS 
Prostate Cancer 


An excellent opportunity for carcer development 
to instructor and junior faculty appointment, the 
position will study the development and growth of 
Prostate cancer using mouse prostate stem cell 
models, Focus will be on the rok: of the Pim protein 
kinase and regulation of TOR, Individuals should 
have a strong background in transgenic/knockout 
mouse models and molecular biology/protein chem 
istry. Forward curricukim vitae and the name of 
three references to: Andrew S, Kraft, M.D., Di- 
rector Hollings Cancer Center, 86 Johnathan 
Lucas Street, P.O. Box 250955, Charleston, SC 
29425. E-mail: hecjobs@musc.cdu. Pease refer 
ence ad #5001 


CULTY POSITIONS 


‘The UNIVERSITY of TEXAS. 
SOUTHWESTERN MEDICAL CENTER 
at DALLAS 


The Department of Intemal Medicine /Division 
of Nephrology seeks an ASSISTANT /ASSOCIATE 
PROFESSOR for our expanding dialysis, transplan 
tation, and clinical transkasonal recarch programs 
Applicant must have an M.D. degree or equivalent 
from an approved Liaison Committee on Medical 
Education medical school and satistictory completion 
of an internal medical residency and a. nephrology 
fellowship from an Accreditation Council for Grad. 
uate Medical Education-accredited program. Level 

appointment will be commensurate with experi 
ence. Candidate must be eligible for ‘Texas medical 
licensure and be Board certified/eligible in Internal 
Medicine. We are recruiting both CLINICIANS 
and CLINICAL SCHOLARS. Duties of Clinician 
will include patient care with emphasis on dialysis 
and transplantation; Clinical Scholars will be ex 
pected to develop independent research programs 
and participate 1 newly funded O° Brien Kidney 
Rewarch Core Center. Duties will also include the 
teaching and training of medical stud 
students, house staff, and fellows. 
cligible for our Disease-Oriented Clinical 
(DOCS) Program are particularly encouraged to apply 
Visit our website: hetp://www.utsouthwestern. 


Robert Toto, M.D., Director of Clinical Nephrol 
ogy, University of Texas Southwestern, 5323 
Harry Hines Boulevard, Dallas, TX, 75390- 
8856. E-mail: robert.toto@utsouthwestern.edu. 
UT Southwestern & aa Equal Opportunity /Afirmative Ac 


Employer 


www.sciencecareers.org 


FACULTY POSITIONS 


‘TENURE-TRACK ASSISTANT PROFESSOR 
Cell Biology 
Brandeis University 

The Brandeis Biology Department is secking to fill 
a tenure-track position in the broad arca of cell bi 
ology, beginning fall 2008, Areas of interest inchide 
cell polarity and structure, macromolecular assem 
blages, organelles, membrane systems and transport, 
cytoskeleton, cell motility, and cell ad- 
hesion. We’ are looking’ to complement existing 
strengths at Brandeis in cell and structural biology, 

evelopment and function of the nervous system, 
chromosome structure and function, and biophysics. 
We expect that the appointment will be made at 
the ASSISTANT PROFESSOR level, although 
an appointment for more advanced candidates with 
exceptional qualifications may be considered. Candi 
dates should have a Ph.D., M.D., of both, as well 
as postdoctoral experience. First consideration will 
bbe given to applications received by November 1, 
2007. Candidates must submit initial informatio 
‘online at website: 
facultySearch, 
imit (preferal format) curriculum vitae, 
research plan, and publications, and should arrange 
for three letters of recommendation to be submitted 
to email: volencenter@courier.brandeis.cdu. 
Branlas Univerity tar Equal aaty Enmployer, 
ommmitued 10 building 4 culely diverse ioellvtual com 
munity and encourages applications from women aid 
ininonies 


‘The UNIVERSITY of TEXAS 
SOUTHWESTERN MEDICAL CENTER 
at DALLAS 


The Department of Intemal Medicine, Division 
of Nephrology, seeks faculty at the ASSISTANT/ 
ASSOCIATE PROFESSOR level who will develop 
independent research programs in kidney Kology 
and disease, Ledividuals with expertise in human 
tics of glomerular biology and who are eligible 

for Endowed Scholars oF Disease Oriented Clinical 
Scholars Programs are particularly encouraged to ap: 
pls: Preference will be given to Physician Scentit, 
but Basic Scientists will abo be considered, Success 
candidates will participate in our newly funded 
O'Brien Kidney Research Core Center. Applicant 
wust have an M.D. of Ph.D. degree. Clinical duties, 
if applicable, include patient care activities in ne 
phrology. Other responsibilities will include the 
teaching and training of medical students, graduate 
students, house staff, and fellows. Visit our website: 


hupp:/ /www.utsouthwestem.edu/nephrology. Send 
ee epee ee 
reference letters to: Peter Igarashi, M.D., Chief of 


hrology, University of Texas Southwestern, 
5323 Harry Hines Boulevard, Dallas, TX 75390- 


8856. E-mail: peter.igarashi@utsouthwestern. 
edu, UT Southam «a Bp Opportinity/Afiematre 


Employer 


MICROBIOLOGY FACULTY POSITION. 
The Departinent of Biology at Clack 
Worcester, Massachusetts (websit 
clarku.cdu /departments /biolo; 
Eations for a tenure track appointment at the rank 
of ASSISTANT PROFESSOR, wo bewin fall 2008 
The successful candidate will be expected to develop. 
an externally funded research program in any area of 
microbiology involving Ph.D. and undergraduate 
students. The candidate will teach microbiology and 
eshes appropiate counes, Aplin showld svbet 
curriculum vitae, summary of research and teach- 
ing interests, and three publications. ‘Thrce letters of 
reference should be received by the Search Com- 
October 15, 2007, for full consid 


micro@clarkucdu). Pease see 
website: heaps: //orerw.clarku-edu/ iu/offices/hr/ 
jobsdb.ctimtid=37 6&vi ‘&grouping-F for 
Tall position description. Inquiies may be directed 


to e-mail: sfoster@clarku.edus. Aimar Acta /Eyail 


Opportunity Employer. Manovities and women are especially 
encouraged 18 apply. 
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POSITIONS OPEN 


‘The NEUROSCIENCES INSTITUTE 
La Jolla, California 
Neural Modeling 

Research positions are available to work with a 
diverse team using and developing autonomous 
robotic devices whose behavior is guided by large-scale 
neuronal networks (brain-based devices). Positions 
are available immediately at the POSTDOCTORAL 
or ASSISTANT PROFESSOR level. Applicants 
should have a background in areas such as modeling 
‘of complex neural systems or experimental systems 
neurophysiology. Experience with advanced compu 
tational techniques is desirable 

‘The Neurosciences Instinite provides opportuni 
tics for interactions among researchers in various 
disciplines using both theoretical and experimental 
approaches with the overall goal of increasing fin 
damental understanding of brain function. 

Interested candidates should send curriculum 
itac including the names of three references tw: 
Dr. W. Einar Gall, Research Director, The Neuro- 
sciences Institute, 10640 John Jay Hopkins Drive, 
San Diego, CA 92121 or to e-mail: job1@nsi.edu. 

“The Newrcowes Insite is a Eyusl Opportunity Employer. 


POSTDOCTORAL RESEARCH POSITIONS 
Center for the Physics of Information 


Califomia Institute of Technology 
‘The Center for the Physics of Information at the 
California Institute of Technology will have Post 
doctoral Scholar positions available beginning in 
September 2008. Researchers interested in all as 
pects of the interface between information science 


cation list, statement of research interests, and three 
letters of recommendation are required. 
deadline for reecipt of all application materials is 
December 17, 2007. 

The Califoria Insitute of Teckuology is an Exgual 
Opportunity Afirmaive Aaion Employer. Wea, mina, 
veterans, and poss with disabiis ane ewounaged ts apply 


POSTDOCTORAL RESEARCH POSITIONS 
Institute for Quantum Information 
Califomia Institute of Technology 

The Institute for Quantum Information at the 
California Institute of Technology will have Post 
doctoral Scholar positions available beginning in 
September 2008. Researchers interested in. all 
aspects. of quantum information science are invited 
to apply. Please apply online at website: hi 

call Electronic copies of your 
lication list, statement of 
research interests, and three letters of recommenda 
tion are required. ‘The deadline for receipt of all 
application materials is December 17, 2007, 

The California Insitute of Technoley is an Equal 
Opportunity Afematve Acti Employer, Women, mineeitcs 
eters, ad persws with dsaliltes anc encourages to apply. 


‘curric vit 


A metivated POSTDOCTORAL RESEARCHER 
in computational structural biology i wanted to 
devdop a TBM protein structure prediction algo 
rithm in the Tsai group at Texas A&M University in 
the Biocheminry/Biophosis Deparment (website: 


Start date as soon as 


Required skills are: background in the biological sci 
ences as well as fimifiarity with UNIX/Linux, script 
ing. and, programming. Pay based on the current 

1 scale for postdoctorates. Please send (1) cur 
ricuhum vitae, (2) three publications, and! (3) three ref: 
erences to e-mail: juanitaw@tamu.cdu. 


INS OPEN 


ee POSTDOCTORAL POSITIONS availa 
ble immediately at the Hormel Institute, University 
of Minnesota (UMN), Section of Cancer Biology, 
Austin, Minnesota, for persons with doctoral training, 
in cancer molecular or cell biology, biochemistry, an 
Bogenesis, medicinal chemistry, sek seroid hormone 
signaling to investigate mechanisms of cancer chemo: 
prevention and therapy by selenium and other agents 
Working experience in recombinant DNA techniques, 
RNAi, apoptonis, autophagy, cell eyele regulation, an 
Sogenesis, tranygenic adenocarcinoma of mouse pros: 
tate, and other transgenic cancer models is highly 
desirable. [Finterested, please apply online at the UMN 
Employment Home Page website: http://www. 
sun edu oe emplovment aa rer to requisition 

umber 1 fease send curriculum vitae also 
to: Prof. Johnay Lu, e-mail: jlu@hi.umn.edu. Te 
Uuivenity of Manvesots is committed t0 the policy that ll 
persons shall have egal acess 10 ts programs, faites and 
‘anphoyment without rqganl t0 eas, color, cmed, religion, 100 
fiw ign, sex, ae, enaitad statins, licabilty, public asise 
nce status, veteran satus, ov sexual omicotation, 


Help employers find 
you. Post your 
resume/cv. 


Science Careers 


www.ScienceCareers.org: 


Find your future here. 


www.ScienceCareers.org 


KETPLACE 


Free shipping for 20+ reactions. 
High throughput. Direct sequenc- 
ing from bacteria, phage, genomic 
DNA, PCR products, hairpin, etc. 
+1-888-nda0-88, www molad.com 


Oligo Labeling Reagents 
BHO ’/CAL Fluor /Quasar Amidites. 
4 Amidites for 5’ & Int. Modifications 


Standard and Specialty Amidites 
BIOSEARCH ——+1.800.GENOME.1 
TECHNOLOGIES Wew.tilabeling.com 


www.sciencecareers.org. 


Saluting the next generation of scientific leaders 


CONGRATULATIONS to the 2007 UNCF/Merck Science | 


¢ 


WERNER Ep mencx 


tive Fellows 


|. Undergraduate Science Research Scholarship Awards 
Nicole Bowles, New York University 

Elijah Burbank, University of Washington 

Charles Drummer, University of Delaware 

Brandi Johnson, North Carolina A&T State University 
Geron Johnson, Saginaw Valley State University 

Paul Kelley, The Catholic University of America 

Threshia Malcolm, Mount Holyoke College 

Adriana Martin, Bloomfield College 

Khadijatou Njimoluh, University of Maryland, Baltimore County 
Emily Nwakpuda, North Carolina Central University 

Arie Shaw, Xavier University 

Delia Shelton, Southwestern University 

Shayla Shorter, University of Maryland, Baltimore County 
Rosa Wright, Albany State University 


ll. Graduate Science Research Dissertation Fellowship 

Catherine Bangeranye, The Graduate Center, City University of New York 
Clarisa Buckner, Yeshiva University 

Courtney Goodwin, Johns Hopkins University 

Rochelle Jean-Jacques, University of California, San Diego 

Carl Johnson, University of Pittsburgh 

Tori Matthews, University of Alabama, Birmingham 

Winnette Mcintosh Ambrose, Johns Hopkins University 

Johnnie Moore, Saint Louis University 
Odi Osonkie, University of California, Los Angeles os 
Jocelyn Reader, University of Maryland, Baltimore : 
Tanya Russell, University of Colorado, Denver 
Monica Sylvain, Louisiana State University, Baton Rogge 
Ill. Postdoctoral Science Research Fellowship | 
Anthony Baucum, Il, Vanderbilt University | 
Namandje Bumpus, University of Michigan 
Michael Bernard Duncan, Il, Harvard University 
Erica Glasper, Princeton University 

Lori Norton, Georgia Institute of Technology 
Manu Platt, Massachusetts Institute of Technology | 
David Pride, Stanford University 

Kimberly Raines, University of North Carolina, Chapel Hill 

Christopher Williams, Tulane University 

Regina Wilson, Johns Hopkins University 


R&D Systems Immunology Reagents 


ILI7(AF) @ 0,° 
° 90° 
800 


TGF IL-6 M-23 


Offering a complete line of Th17-related research tools. 


R&D Systems specializes in providing the highest quality reagents for assessing immune system function. These 
include a wide selection of tools for studying apoptosis, autoimmunity, complement/coagulation pathways, co-stim- 
ulation, hematopoiesis, innate/adaptive immunity, infectious diseases, inflammation, & much more. 


ELISpot Detection of 
IL-17-producing Splenocytes 


‘ 
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Mouse splenocytes (10° cells per well) were cultur- 

edin the absence (inset) or presence of PMA and a 

cakiumionophore. The frequency of IL-17 producing 


cells was measured with the mouse IL-17 ELISpot Kit 
(Clalog #61421). 


Ney: CoCanine CA CottonRat gene Febne 


USABCanada RED Systems, ine. Te: (800) 343-7475 info RMD Systems comm 


Ewope RAD Systems Europe, Ltd. Tel: +44 /0/1255 329489 infos Rnd Systensco.uk 


For research use only. Not for use in agnostic procedures. 


a ELISAs! ELISAs! 
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For a complete listing of immunology-related products visit our website at www.RnD Systems.com/go/Immunology 


